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The eleven ton marine engine crankcase, illustrated above 
iealeas’ Ue. py Woe a is another excellent example of how Steel-Weld Fabrication 
a en can be employed to good advantage in many products. It i 
typical of parts and assemblies produced by Mahon for 
many manufacturers throughout the country. Do you have 
bases, frames or parts in your product that could be re: 
designed for more economical production in welded steel’ 
. .» do you have a new product in the development stage 
where Steel-Weld Fabricated parts could reduce weight 
without sacrificing strength? ... are you faced with a limitec 
production on an item which makes pattern costs prohibitive’ 
... if so, it will pay you to investigate Mahon facilities and 
technical services. You will find in the Mahon organization 
a unique source with complete, modern fabricating, machining 
and handling equipment to cope with any type of wor 
regardless of size or weight . .. a source where skillful desig” 
ing and advanced fabricating technique are supplemented 5) 
craftsmanship which assures you a smoother, finer appearing 
job, embodying every advantage of Steel-Weld Fabrication 
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Pressure Vessels for the Chemical 
and Allied Industries. 


One of Several Parts of a Cata- 
lytic Cracking Plant Produced for 
the Petroleum Industry. 
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Cold water strikes red hot metal in end-quench har- 
denability test—first step in Ryerson quality control. 


HOT REASON 
for Buying Ryerson Alloys 


There is no question about it — our end-quench hard- 
enability tests certainly simplify your job of buying 
and heat treating today’s interim and lean alloys. 
With the hardenability of your particular steel thus 
definitely determined, the other mechanical prop- 
erties can also be predicted—with confidence. 


These hardenability tests are but one step in a 
unique program that makes Ryerson alloys easier 
to buy and safer to use. Starting with careful selec- 
tion of every heat carried in Ryerson stock, the plan 
follows clear through to the certification of analysis 
and hardenability that is sent with every shipment 
of as-rolled or annealed Ryerson alloy steel. 


Now more than ever this Certified Plan makes 
Ryerson your best source for alloys. Though defense 


RYERSON STEEL 


demands are taxing even our extensive facilities we 
can undoubtedly take care of most of your require- 
ments. So for quick shipment of pre-tested alloy 
steels which you can buy and heat treat with con- 
fidence, call the nearest Ryerson plant. And remem- 
ber we also carry heat treated alloys in stock for 
immediate shipment. 





PRINCIPAL PRODUCTS 


CARBON STEEL BARS—Hot rolled ALLOYS—Hot rolled, cold finished, 
& cold finished heat treated 

STRUCTURALS—Channels, angles, STAINLESS —Allegheny bars | 
beams, etc. plotes, sheets, tubes, etc. 

PLATES—Many types including In- TOOL STEEL—Oil and water-hard- 
land 4-Way Safety Plate ening types, ground filet stock 

SHEETS—Hot & cold rolled, many REINFORCING—Bars & Accesso- 
types & coatings ries, spirals, wire mesh 

TUBING—Seamless & welded, me- MACHINERY & TOOLS—For meta! 
chanical & boiler tubes fabrication 
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The Cincinnati Milling Machine Co. is using radioactive tracers to study 
tool wear. Tools are put into reactors and made radioactive. The tools 
are then used to cut metal for a few seconds, and the chips are tested for 
radioactivity. Researchers say that 90% of the tool wear appears in the 
chips. They can get accurate measurements in a few days by the new method. 
The same results would take six months with a microscope. 








Three 24,000,000-v betatrons, the first ever built for industrial opera- 
tion, are now being used in eastern and midwestern steel foundries to help 
Speed the production of vital armor steel castings required in the Army's 
tank program. Powerful enough to penetrate 7 to 9 in. of armor steel in 
little more than a minute, the x-ray giants greatly speed and improve in- 
spection techniques formerly requiring hours and days in some cases. Pre- 
viously used only in physics laboratories in atom-smashing experiments, 
for medical research, and in cosmic ray studies, the betatron now is one of 
the most advanced tools for nondestructive testing of heavy steel castings. 
Applied to armor production, it permits fast, positive inspection and 
quality control procedures, providing sharp x-ray film records through 
metal sections up to 24 in. in thickness. 











The Atlantic Refining Co. has developed a new low penetration, high 
softening point (165 to 185 F) asphalt resin. Suggested applications of 
the low cost, low oil content resin include adhesives, battery boxes and 

| rubber compounding ... . Another resin, with a softening point of 300 F, 
is under development. The applications will be in molded products, paints, 
varnishes and rubber compounds. 





Quartz paper, developed for the Naval Research Laboratory, can be manu- 
factured cheaply from abundant domestic sources. It can be substituted for 
higher-cost asbestos insulation material and withstands temperatures up to 
5000 F, as compared to 1000 F for asbestos. Since quartz paper is boron- 
free, it can be used as insulation in components subject to atomic radia- 
tion, and in nuclear energy powerplants. The methods of making the quartz 
fibers was developed by Glass Fibers, Inc. 








Glass-reinforced, thermosetting plastic tubing is now in continuous pro- 
duction in commercial quantities. Standard sizes range from 4 to 10 in. 
0d. Up to 36-in. o.d. is available on special order. The Navy has found 
polyester tubing a good substitute for copper=nickel and brass pipe on 
Ships. Applications are expected in housings for airborne equipment, oil 
lines, salt-water piping and electrical conduits. 





(Continued on page 4) 
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A report from the Engineer Laboratories at Fort Belvoir indicates tha; 
bridges have undergone significant development, with greatly increased live 
load strength and wider roadways. Experiment with wood, aluminum and plas- 
tics has still turned up nothing better than low alloy steel. 





The Goodyear Tire & Rubber Co. has developed a new synthetic rubber com- 
pound for roads. The compound is a free-flowing powder that is easy to 
handle and mixes freely with asphalt. Tests show that 1.5 to 2% of this 
rubber added to the weight of the asphalt is as effective as a 5% conven- 
tional rubber-asphalt mixture in resisting the stripping action of water 
and frost. This advantage is credited to the fine particle size of the 
rubber and its ease of dispersion in the asphalt. 








A new development in the production of oil-extended synthetic rubber (25 
parts of processing oil added to 100 parts of butadiene-styrene) means 
lower cost rubber for tires. A 50% increase in the amount of extending oil 
has been found possible with no impairment of quality. Now 157.5 lb cf 
rubber can be made for the price of 100 lb of conventional cold rubber, plus 
the cost of the extending oil. The new product shows tread wear equal or 
superior to that of standard cold or natural rubber. The heat build-up is 
substantially less. 





Scrap is where you find it. At Aberdeen Proving Grounds, the Army is 
cutting up captured enemy tanks and other foreign weapons, as well as obso=- 
lete and worn-out U. S. military items. Over 3000 tons of scrap have been 
shipped so far, including 20 Russian tanks. Project should produce a total 
of 5000 tons when completed ... . Navy reports that since 1948, 10,000 
tons of lead have been salvaged, and since 1951, 7,487,501 lb of copper 
and copper=base alloy. Jet engine overhaul and repair at Naval Air Sta- 
tions has resulted in the recovery of 200 tons of super-alloys containing 
cobalt, columbium, molybdenum, nickel and tungsten. 





"Too much ‘telescopic vision’ is causing us to lose focus of the over-all 
copper situation. Too many persons are venturing appraisals after study- 
ing only isolated aspects", reports James T. Duffy, Jr., president of The 
Riverside Metal Co. "Ihe day is not too far away when we will have copper 
running out of our ears." 














Production Notes: British scientists expect to get plastic airplane 
bodies and wings into the air by 1955 .. .. Researchers at Battelle Memo-= 
rial Institute have electroformed aluminum waveguides with twists, bends 
and tapers. The process points the way to the use of electrodeposited alu- 
minum as an anti-corrosion coating . .. . Lithium aluminum hydride is now 
available for commercial consumption, free of any use royalties. m 











See page 6 for ‘‘Materials Control Orders” 
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Heat- Resisting Applications 
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Inco 


(32 Nickel —21 Chromium) . 





Incoloy® is comparable téInconel® in resistati€e to oxida- 
tion. It is strong at elevated temperatures and because of 


its lower nickel content, it is superior to Inconel in resistance 
to sulfur attack. 


It is the latest development of the Inco High-Tempera- 
ture Engineers. And its use is permissible for applications 
described in Schedule C to NPA Order M-80. 


[t offers good workability and has good welding proper- 
ties. Incoloy is not embrittled by prolonged heating at inter- 
mediate temperatures. [t is supplied in the usual mill forms 
—hbillets, rounds, flats, hexagons, sheet and strip, tubing 
and wire. 


Of course, Incoloy, like all Inco Nickel alloys, is on ex- 
tended delivery due to defense orders. Therefore, it will 
pay you to anticipate your needs well in advance. Give 


NPA rating and complete end-use information when ordering. 


And remember, you can always count on Inco High- 
Temperature Engineers to help you solve your metal 
selection problems—write today for a copy of the High- 
Temperature Work Sheet. It is a simplified form for use in 


describing your particular material problem. 


ADE MARE 


The International Nickel Company, Inc. 
67 Wall Street, New York 5, N. Y. 
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Materials Control Orders 


A summary highlighting actions of the NPA affecting engineering materials during the period from Mar. 11, 1952 through Apr. 
10, 1952. 


° CONTROLLED MATERIALS PLAN 
Reg. 1, Reg. 3—Effective immediately, priority ratings identified by the CMP symbols A, B, C, E and Z2 may be passed down the 
entire chain of procurement and thus place needed materials and parts on the same level of preference as the end product. 


Reg. 1, Dir. 9—Converts ACM orders for non-nickel bearing stainless steel, which were outstanding when the steel was decontrolled, to 
delivery orders bearing a DO rating. 


Reg. 4—An amendment permits users of controlled materials to receive orders from distributors 15 days before the quarter for which 
the allotment is valid. 


Reg. 5—An amendment permits printers, publishers and manufacturers of footwear to apply MRO rating to delivery orders for cer. 
tain types of wire products. Application of DO-MRO priority ratings to obtain printing plates is prohibited. 


Anticipated Changes: 
Reg. 2—Inventory limitations of all steel products will be raised from 45 to 60 days in the near future. 


® ALUMINUM (Orders M-26, M-27, M-67) 
An amendment to M-67 places aluminum foil under a two-level limitation system to give preferential treatment in the filling of orders 
for essential uses when a converter’s allotted supply is insufficient to meet all orders. 


Anticipated Changes: A proposed amendment to M-26 will delete from the order all restrictions on the sale, delivery and use of alu- 
minum closures and closure liners. The quantity of aluminum used for closures would be controlled by CMP allotments to closure 
manufacturers. Restrictions on the use of aluminum for collapsible tubes would be removed under a proposed amendment to M-27 


® CADMIUM (Order M-19) 
An amendment relaxes controls on cadmium to permit unrestricted use in items or processes specifically defined and to fill orders 


bearing the ratings A, B, C, E and Z2. 


© COPPER (Order M-80) 
An amendment increases the number of products in which the use of nickel silver is prohibited. 


@ INDUSTRIAL DIAMONDS (Order M-102, M-103) 
Order M-102 provides a mandatory monthly reporting procedure covering inventories, receipts, sales, consumption and reclaimed quan- 
tities of crushing bort and diamond powder for all transactions involving more than 10 carats of these materials per month. 


Order M-103 places restrictions on users and manufacturers of diamond grinding wheels. 


® IRON AND STEEL (Orders M-1, M-59, M-80) 
Under a new direction to M-1, operators of wide plate rolling mills are restricted in the acceptance of orders for light-gage carbon | 
steel. The limitation affects carbon steels only and does not apply to stainless steels, full-alloyed plate, plates for pipe, armor plate, 
circles for heads, or conversion plate products. 


Order M-59 controlling the use and inventory of steel strapping is revoked. 
An amendment to M-80 increases the number of products in which the use of nickel-bearing stainless steel and high nickel alloy steel 
is prohibited. The prohibition applies also to clad-steels. 


® NICKEL (Order M-80) 

An amendment eliminates the filing of individual requests for allocations of nickel anodes, salts, chemicals, oxides and catalysts, and 
permits the supplier to group orders and make a single application to NPA. Another amendment increases the number of products 
in which the use of nickel-bearing stainless steel, high nickel alloy steel, and nickel silver is prohibited. 


@® RUBBER (Order M-2) 

An amendment lifts the restrictions on the manufacture of white side wall tires; increases the percentage of natural rubber which 
can be used in certain products; permits private importation of dry natural rubber without license but prohibits similar importation of | 
natural rubber latex. 





@ TIN (Order M-25) 

An amendment makes available 25,000 tons of tin mill plate for the remainder of the present quarter and 68,000 tons for the sec- 
ond quarter; allows canners and packers to use any quantity of secondary tin mill plate without charging the material to quotas; re- 
tains restrictions on the quality of prime plate and sets quotas; defines tin plate; requires can manufacturers to offer, on a pro-rate basis, 
cans made from any part of the secondary tin mil! allotment. 


® ZINC (Orders M-9, M-15, M-37) 
Revised order M-9 incorporates the use limitations of M-15 and the restrictions on scrap contained in M-37; permits quarterly as well 
as monthly allocation of zinc. Orders M-15 and M-37 are revoked. 


®@ NPA REGULATIONS 

Reg. 1—An amendment removes inventory control from 25 chemicals and increases inventory limitation from 45 to 60 days on several 
other commodities. Certain materials which were placed under control of CMP Reg. 2 were deleted from the inventory control pro- 
visions of Reg. 1. 
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Another new development using 


B. F. Goodrich Chemical =~ == 





Wow Iden in Plastion 


HIS newly-developed plastic 
compound greatly simplifies many 
coating operations—has more cost- 
saving possibilities. Based on Geon 
paste resin, it is putty-like in form. It 
can be applied with a hand trowel on 
any surface, to any desired thickness. 
On the plating rinse tank pictured, 
for example, it is simply spread on 
the outside surface... protects against 
icid spillage, plating salts and other 
orrosive chemicals. Formerly, ap- 
plying a coating like this—usually 
,"-\%y"—was difficult to do without 
»stly, special dipping equipment. 


The coating is fused by oven bak- 


GEON RESINS @ GOOD-RITE PLASTICIZERS . . 





ing or infra-red lamps. Containing 
no volatile materials, it is safe to use; 
there is no viscosity change during 
storage. And because it is based on 
Geon, it has all of Geon’s advantages 
—resistance to most acids and chem- 
icals... oils... greases... abrasion 
and aging. 


Geon materials—resins, latices and 
compounded plastics—are used in 
scores of ways. They help make 
durable flooring, long-wearing up- 
holstery, rigid tubing and paneling, 
fire-resistant safety clothing and more 
saleable products. Find out how they 
may help you improve or develop 


B. F. Goodrich Chemical Co. does not make this coating compound 
We supply the raw material's only 


j SPREADS LIKE PUTTY... 
@ HARDENS AGAINST CORROSION 


products. For technical bulletins, 
write Dept. GO-3, B. F. Goodrich 
Chemical Co., Rose Bldg., Cleveland 
15, O. In Canada: Kitchener, Ontario. 
Cable address: Goodchemco. 





. the ideal team to make products easier, better and more saleable. 


GEON polyvinyl materials @ HYCAR American rubber @ GOOD-RITE chemicals and plasticizers @ HARMON organic colors 
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BUSINESS IN MOTION 








70 our Creag ued oon oonertiitin Bectcteding | - 


For several years this space has been used to tell 
how Revere has collaborated with its customers, to 
mutual benefit. Now we want to talk about the way 
our customers can help us, again to mutual benefit. 
The subject is scrap. This is so important that a 
goodly number of Revere men, salesmen and others, 
have been assigned to urge customers to ship back 
to our mills the scrap generated from our mill prod- 
ucts, such as sheet and strip, rod and bar, tube, 
plate, and so on. Probably few people realize it, 
but the copper and brass industry obtains about 
30% of its metal requirements 
from scrap. In these days when 
copper is in such short supply, 
the importance of adequate sup- 
plies of scrap is greater than 
ever. We need scrap, our indus- 
try needs scrap, our country 
needs it promptly. 

Scrap comes from many dif- 
ferent sources, and in varying 
amounts. A company making 
screw-machine products may 
find that the finished parts 
weigh only about 50% as much 
as the original bar or rod. The turnings are valu- 
able, and should be sold back to the mill. Firms 
who stamp parts out of strip have been mate- 
rially helped in many cases by the Revere Tech- 
nical Advisory Service, which delights in working 
out specifications as to dimensions in order to 
minimize the weight of trimmings; nevertheless, 
such manufacturing operations inevitably produce 
scrap. Revere needs it. Only by obtaining scrap 
can Revere, along with the other companies in the 
copper and brass business, do the utmost possible 





in filling orders. You see, scrap helps us help you, 

In seeking copper and brass scrap we cannot ap- 
peal to the general public, nor, for that matter, to 
the small businesses, important though they are. 
which have only a few hundred pounds or so to dis- 
pose of at a time. Scrap in small amounts is taken 
by dealers, who perform a valuable service in col- 
lecting and sorting it, and making it available in 
large quantities to the mills. Revere, which ships 
large tonnages of miil products to important manu- 
facturers, seeks from them in return the scrap that 
is generated, which runs int 
big figures of segregated or 
classified scrap, ready to be 
melted down and processed so 
that more tons of finished mill 
products can be provided. 

So Revere, in your own inter- 
est, urges you to give some ex- 
tra thought to the matter of 
scrap. The more you can help 
us in this respect, the more we 
can help you. When a Revere 
salesman calls and inquires 
about scrap, may we ask you to 
give him your cooperation? In fact, we would like 
to say that it would be in your own interest to 
give special thought at this time to all kinds of 
scrap. No matter what materials you buy, the 
chances are that some portions of them, whether 
trimmings or rejects, do not find their way into 
your finished products. Let’s all see that every- 
thing that can be re-used or re-processed is turned 
back quickly into the appropriate channels and 
thus. returned to our national sources of supply, 
for the protection of us all. 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 


Executive Offices: 
230 Park Avenue, New York 17, N. Y. 


SEE REVERE'S “MEET THE PRESS'' ON NBC TELEVISION EVERY SUNDAY 
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Electroplaters Plan Industrial Finishing Show 


The Industrial Finishing Exposi- 
tion will be held in Chicago June 


the Stock Yard Inn. Dual sessions 
will be held on Monday afternoon, 


headquarters of the American Elec- 
troplaters’ Society Convention. The 
educational sessions will be held at 


16-20 under the sponsorship of the 
American Electroplaters’ Society. 
More than one-third of the exhibit 
space at Chicago's International Am- 
phitheater has been reserved by ex- 
hibitors. Products and services in 
electroplating and 15 allied fields 
will be displayed. The educational 
sessions of the Annual Convention 
f the American Electroplaters’ So- 
iety will be held concurrently. 

The scope of the exhibits has 
been enlarged this year to cover abra- 
sives, automotive plant transporta- 
tion, basic chemicals and metals, in- 
dustrial tapes, materials-handling 
equipment, polishing and _ buffing 
equipment and supplies, testing in- 
struments, and publications dealing 
with metal finishing. 

Men of outstanding ability and 
reputation have been invited to de- 
liver papers at the educational ses- 
sions. Among the authors there will 
be Fred Brune, Dr. Russel Harr, 
W. S. Morrison and L. Gilbert, 
Myron Ceresa, L. A. Danse, Fred 
Keller, Harold Faint, Dr. Harold 
Wiesner, Frank Savage, W. L. Pin- 
ner and Dr. W. R. Meyer. 

The subjects covered will include 
the following: The plating depart- 
ment of Western Electric Co.’s Indi- 
anapolis plant; plastics in the plating 
room; substitute finishes; hard coat- 
ings on aluminum; plating of heavy 
thodium coatings; the effect of me- 
chanical abrasive-grain polishing on 
the corrosion resistance of subsequent 
coatings; and black nickel coatings. 
A movie will feature a visit to the 
Westinghouse Electric Corp.'s plating 
research laboratory. Another session 
will be devoted to reports from the 
American Electroplaters’ Society Re- 
search Committee. 

The Conrad Hilton Hotel (largest 
hotel in the world) will serve as the 
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Ford Opens High-Speed Tube Processing Operation 


After nearly three years of engineering research and planning, Ford Motor Co. 
has completed two modern steel tube processing operations which are producing 180 § 
ft of tubing a min. Designed for quick conversion to defense production of welded | 
tubing up to 5-in. dia, the milis are located at the company’s Mound Road Plant, | 


near Detroit. One is nearly 400 ff long and turns out tubing for axle housings at a F 
rate of 75 ft per min. The other, 175 ft long, is producing 105 ft of tubing a min 
for driveshaft assemblies. 

The manufacturing procedure of both mills is approximately the same and be- j 





gins with the automatic unwinding of coiled steel from huge drums. Steel stock § 
enters the loading end of the mill and is gradually formed into tubular shape by a P 
series of parallel rollers. The tube is then welded automatically and the flash re- | 


moved. Following this, the tube stock is cut to desired length by a@ process that 
virtually eliminates waste. Tube stock then is moved automatically to annealing | 


furnaces and transported to other manufacturing buildings to be processed into rear- 


axle and driveshaft assemblies. 



































Timken Roiler Bearing Co. removes moisture from bearings 


without corrosion. 


vacuum drier at 130 F. There is no external heat source. 











The bearings enter the 0.005-mm mercury 





Strong Metal-to-Ceramic Bonding Technique Developed 


A novel brazing technique which 
produces strong bonds between 
metals and nonmetals is described 
a report now available to the general 
public from the Library of Congress 
The report, “Metal to Nonmetallic 
Brazing,’ prepared by scientists at 
MIT working on a joint Signal 
Corps-Air Force-Navy project, sum- 
marizes the results of a series of ex- 
periments on the brazing of both 
metals and nonmetallic materials 
with active metals such as titanium, 
zirconium, columbium and tantalum. 

This brazing technique has been 
carried out in controlled atmospheres 
and vacuum with the use of fluxes. 
The experiments described are of an 
€ xplorat ory nature, with little empha- 
sis on the development of techniques 
for special applications. The method 
has been used in brazing a wide vari- 
ety of materials, 7.e., diamonds, sap- 
phires, carbides, various ceramics, 
refractory oxides, glass, quartz, stain- 
less steel and chromium-iron-type 
alloys. The active metals used have 
the interesting property of wetting 
both metals and nonmetallic mate- 
rials equally well, and producing ex- 
ceptionally strong bonds which, in 
many cases, exceed the strength ot 
the nonmetallic materials. 

Good vacuum seals with glass and 
ceramic have been prepared by this 
method. Through the use of brazed 
ceramics in place of glass, 
bakeout temperatures can be 
achieved, allowing more rapid out 
gassing of vacuum apparatus. The 
applications are not, however, limi- 
ted to vacuum techniques, but should 
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be useful in the preparation of tools 
or other devices for which nonmetal 
lic materials are bonded to metal. 


Color Film Shows Corrosion in 
Action 


A new, sound color film p: epared 
under the direction of the Corrosion 
Engineering Section of the Interna- 
tional Nickel Co., Inc., 
for the first time at the annual con 
ference and exhibition of the Na 


was shown 


tional Association of Corrosion 
Engineers at Galveston, Tex. 
Entitled ‘Corrosion in Action” 


this sound color film shows how cor- 
rosion works to cause an annual loss 
in industry and elsewhere estimated 
over six billion dollars. It also shows 
how this damage can be avoided 
controlled by various means, such as 
by the selection of corrosion resistant 
materials, by the development of new 
alloys to meet given situations, by 
the use of electric currents to pre- 
vide cathodic protection and by other 
methods. 

“Corrosion in Action’ was made 
essentially for technical, educational 
and industrial groups, though its 
treatment is such that it can be under 
stood by non-technical audiences. It 
will be released for use in schools, 


colleges, industrial plants, and before 
can be 


technical societies. Bookings 
made through the Corrosion Engi- 


automatically sprays on under-size areas. 





This x-ray device determines the wail thickness of steel. Paint 


The pipe is made 


by the National Supply Co. 





Francis M. Turner 

With deep feeling of sorrow 
the publishers of MATERIALS & 
METHODs report the death of 
Francis Mills Turner, vice pres 
ident of Reinhold Publishin; 
Corp., on the morning of April 
3rd. Mr. Turner was instru 
mental in the founding and 
development of MATERIALS & 
METHODs (originally known 
as Metals « Alloys) in 1929, 
anc’ served as managing editor 
from 1929 to 1931. He was a 
nationally prominent figure in 
the chemical world. 
in technical book and magazin 
publishing circles. He was au 
thor or co-author of several 
technical books, and was an 
active member of many impor 
tant professional, scientific and 
technical organizations, includ- 
ing the ASTM, the ACS, the 
Electrochemical Society, the So- 
ciety of the Chemical Industry, 
the New York Academy of Sci- 
ences, and the American Ord- 
nance Association. 


as well as 











neering Section, The Internationa! 
Nickel Co., Inc., 67 Wall St., New 
York 5, N. Y. 


An additional 26,250 tons « 
Guatemalan pig lead will be mad 
available to American industry fi 
defense purposes over a_five-yea 
period under terms of a contract an 
nounced recently. 
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New Metal-Working Processes and Testing Methods Presented 


The American Society of Tool En- 
gineers held their industrial exposi- 
tion in Chicago late in March. A 
number of papers of interest to ma- 
terials engineers were presented at 
technical sessions presented with the 
show. 


Surface Gage 

A new device to measure the 
roughness of finished surfaces was 
announced by General Motors Re- 
search Laboratories. The instrument 
is called the Surfagage. Reading 
average roughness to one microinch, 
the apparatus is rugged enough for 
inspection service in the plant, and 
is easily portable. It can be plugged 
into any 110-v a.c. outlet to provide 
power. The Surfagage utilizes an 
unusual type of electronic tube to 
produce a signal that varies with 
the motion of the stylus that follows 
the surface configurations on the 
piece being examined. 

Important in calibrating the device 
is a set of standards produced in co- 
operation with the Engineering Div. 
of Chrysler Corp. The roughness 
standards were made originally by 
ruling with a tiny diamond point on 
metal plates, and replicas of these 
ruled plates are produced by electro- 
deposition. 

The Surfagage consists of a pick- 
up unit, to be moved over the sur- 
face being studied, and a metering 
unit, on which the roughness is re- 
corded on one of several scales. The 
pickup unit consists of a diamond 
stylus ground to a 60-deg point, at- 
tached through a viscous coupler to 
the plate of a special type of elec- 
tronic tube. As the stylus moves over 
the work surface, the motion perpen- 
dicular to the surface is transmitted 
through the coupler to the tube plate, 
and the changes in position of the 
plate are converted into variations in 
the signal emitted by the tube. These 

variatons are recorded on the dial of 

the metering unit to which the pick- 
up is attached, and can be read di- 
rectly as microinches of average 
roughness. 


Production Processes 

Several papers covered new manu- 
facturing methods and new applica- 
tions of conventional methods. Tre- 
panning, a hole cutting process, is 
being used for faster production of 
gun barrels. The core of the hole is 


MAY, 1952 





to Tool Engineers 


removed in trepanning, and the 
metal is not all reduced to chips. 
Trepanning is claimed to be much 
faster than drilling, especially with 
larger holes. Another speaker em- 
phasized the production advantages 
of the broaching process to make 
teeth on internal gears. Electroform- 
ing was said to be used in making 
many parts for defense equipment. 
Typical electroformed parts include 
6-ft-dia searchlight reflectors, 15-ft 
radome molds, eleciroclad bearings, 
radar feed horns and computing ma- 
chine components. New develop- 
ments permit aluminum to be elec- 
troformed, speakers said. The effects 
of uncertain steel quality and the 
scarcity of deep drawing steel on auto- 
mobile design were covered in an- 
other paper. Next year’s cars may 
not be as streamlined as they could 
be if the industry does not obtain 
sufficient high quality steel. 


Precision Parts 
Two interesting presentations were 
made on the problems involved in 


News Digest 








extremely accurate parts. The impor- 
tance of heat treating techniques to 
stress relieve these parts and prevent 
subsequent growth or shrinkage was 
emphasized by a tool engineer. A 
gage block at the National Bureau of 
Standards grew 50 millionths of an 
inch, for example. A machine tool 
lead screw that grew 0.0015 in. in a 
year and then shrank by half that 
amount was another example of 
problems encountered. The produc- 
tion processes used in making accu- 
rate steel scales were outlined by a 
Swiss engineer. 

A fastener expert explained that a 
nut will not carry its design load un- 
less it is tight. Thus, a %-in. nut 
that is tightened insufficiently may 
actually be weaker than a correctly 
assembled 1/,-in, nut and bolt. Me- 
chanical or power wrenches for uni- 
form tightening were recommended. 
It was also pointed out that coarse 
threads are stressed less, are less 
affected by corrosion, and are easier 


(Continued on page 11) 
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ZINC DIE CASTINGS DO FOR YOU 


If you are now using ZINC Die Castings in 
your products read no further—you know what 
follows. 


You who have products requiring metal parts 
may be overlooking an obvious means of materi- 
ally lowering production costs if you have not 
fully investigated ZINC Die Castings. Those 
product designers who utilized this metal and 
method of production to the tune of 225,000 
tons of castings last year, did so for a simple 
reason—they did the job best at the lowest pos- 
sible cost. Low price tags are the key to selling 
the huge quantity of goods industry is now 
capable of producing. 


The economy of this means of manufacture lies 
in the high speed with which almost finished 
parts can be produced by one man operating a 
single die casting machine. The approximately 
300 “gates” shown above were cast in this 
plunger-type machine in one hour—and each 


—right now? 


“gate” contains 6 different castings. Thus the 
production is at the rate of 1800 castings per 
hour! 


ZINC Die Castings are produced so close to 
finished form and detail that little or no machin- 
ing is required. Furthermore, the ability to cast 
complex shapes means that one part can fre- 
quently serve in place of several. This, plus the 
fact that mounting elements can be integrally 
cast, greatly minimizes assembly costs. 


Add to the foregoing the dimensional accuracy 
and unusual physical properties of ZINC Die 
Castings and you have the principal reasons why 
you should consult a commercial die caster as 
soon as possible—or write to us. 
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FOR DIE CASTING ALLOYS 








The Research was done, the Alloys were developed, and most Die Castings are based on 


HORSE HEAD SPECIAL (usiem cody) ZINC 
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News Digest 
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« assemble than fine threads. The 
increasing use of a line 
hardness tests was described in an- 
other paper. Typical parts checked 
‘aclude armor piercing shells, brass 
and steel shell cases, and tank, air- 


craft and rifle parts. Jet engine blades 
also require precise hardness checks. 


Research at NBS Yields Useful Data 
on Ferrous and Nonferrous Metals 


Several reports on research projects 
onducted at the National Bureau of 
Standards have been published by 

Bureau recently. These reports 

r ductile cast iron, low-tempera- 

steel brittleness, stress corrosion, 
nd the determination of copper in 
ron and steel. 


Nodular Cast Iron 

A study by Alexander I. Krynit- 
sky and Harry Stern substantially in- 
creases available information on the 
effects of different additives on the 
formation of nodular graphite. Ad- 
litives investigated were magnesium, 
nagnesite, irom sulfide, calcium, 
nickel-chromium-molybdenum and 
ron. Besides the different addi- 
tives, the investigation included such 
variables as composition, melting and 
pouring temperatures, and cooling 
rate. 

Completely nodular graphite was 
obtained only in iron containing 
magnesium in excess of 0.03%. Two 
types of nodules were observed, ra- 
dial and structureless, the structure- 
less types frequently having a 
crystalline core. Results with mag- 
nesite, magnesia and the other ad- 
ditives were essentially negative. 
However, oval or irregular patches 
of graphite—not true nodules—were 
observed in iron treated with mag- 
nesia, iron sulfide, and boron. Only 
a few nodules were observed in cal- 
ium-treated specimens, but this was 

bably because of the rather small 
amount of calcium retained. 

The effect of cooling rate on mi- 

structure was determined by cast- 
ing wedge-shaped bars. The cooling 
tate, greatest mear the apex of the 
wedge, was observed at intervals 


(Continued on page 182) 
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where HARD RUBBER is right... 
use it! 





.. 0nd it’s 
RIGHT 
for 


ELECTRICAL PARTS 


It's because hard rubber is far more than “just 
a good insulator” that it’s used in so many 
electrical parts. The familiar red magneto 
part above, for instance. It had to be wear- 
resistant and strong at 300° heat... and eas- 
ily moldable with 17 inserts . . . in addition to 
high arc resistance (248) and high dielectric 
strength (600 v/mil). It's Ace Super Magnon 
hard rubber. 

Many Ace compounds... some with ten- 
siles as high as 10,000 psi. and moisture ab- 
sorption as low as 0.04% ... materials like 
the low power factor (0.6%), rigid 
X-2-B sheet for punched parts... 
and other Ace plastics such as high- 
impact (5.8 Izod) Ace-Hide; Saran, 
polyethylene, acrylics, etc., are cov- 
ered in the new Ace Handbook. 
Keep it under your thumb when de- 
signing for today’s production and 
tomorrow’s plans. 







Free to Design Engineers— 
80-page Ace Hard Rubber 
and Plastics Handbook 





No. 471 is a new and important asain 
i 





link in zinc-die-cast metal cleaning oa ” 
sequences. 





| No, 471 is a cleaner in the middle- 
—_—— range of alkalinity which has found 


| ere wide acceptance as a secondary 


soak cleaner for zinc-base die cast- 
we ings. Its outstanding features are: | 


| 1. Clear solution—no precipita- 

| tion in hard water. ~ 

| ———— 2. No drying stains, easy rinsing, 

| as high as 190° operating 
temperature. 

— 3. Will not dull or darken the 
lustrous finish. 

4. Provides excellent wetting of 

both buffed and as-cast 

surfaces. 














These features account for the rapid 
rise in sales of cleaner No, 471. 
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1951-1952 
growth of NORTHWEST CLEANER 
Number 471...in Sales Volume 
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New Developments 
in Porcelain and Ceramic Coatings 


by PHILIP O'KEEFE, Associate Editor, Materials & Methods 


One coat enamels, im- 
proved enameling stock, 
and coatings having im- 
proved high temperature, 
abrasion and impact 
properties are all stimu- 
lating a wider use of por- 
celain enamels. 


@ THE TIGHT suPPLY of alloying 
elements like nickel and the military 
necessity of reaching higher tempera- 
tures in aircraft engines has put new 
life in an old art. Ceramic and por- 
celain enamel coatings were known 
centuries ago. Since 1940, however, 
many new materials and techniques 
have been developed. More durable 
enamels—coatings that take abrasion, 
high temperatures, impact and ther- 
mal shock—have appeared in the last 
few years. 


One-Coat Enamels 


Some of the most important re- 
cent developments have been one- 
coat enamels. These have been made 
possible by (1) improved base metals 
for enameling, and (2) enamels of 
greater hiding power. In the past, 
a special base coat was needed to 
assure good bonding to the metal, 
and additional coats over this base 
provided the color and protection re- 
quired. Two or three furnace cycles 


Ground coat porcelain enamel is sprayed on range parts after drying in an oven at 350F. The parts are fired at 1560F to produce 


a smooth surface. (Westinghouse Electric Corp.) 
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The porcelain enamel coated stainless steel screen at the left remained clean after being 


heated and cooled several times, then soaked at 1700 F for 40 hr. The uncoated screen 
at the right oxidized badly. (Solar Aircraft Co.) 


were required in production, and the 
enamel coatings often ended up 0.03 
in. thick. With the one-coat enamels, 
thicknesses down to 0.003 in. can be 
obtained. Thin enamels like these are 
much more chip-resistant than thicker 
coatings, and the enameled metal 
can be formed, drilled and cut with- 
out breaking the coating. 

There have been two big prob- 
lems in industrial porcelain enamel- 
ing—the base metals and the frits 
themselves. Premium-priced ingot 
iron, mild steel and cast iron con- 
taining no surface defects have been 
required. Gas-forming elements, es- 
pecially carbon and hydrogen, could 
not be tolerated, because they caused 
blisters and defects in the coating 
when they were fired. This gas prob- 
lem was particularly bad with frits 
with a high vitrifying temperature 
in the 1500 F range. The zirconium 
and antimony type enamels needed 
a base coat to bind to the surface 
and protect the metal while firing 
the cover coats. The covering power 
or Opaqueness of these enamels was 
also low and they had to be put 
on thick. 


Several lines of development hav: 
been followed in solving these prob 
lems. Titanium is now being used 
in steel to bind the carbon, and per 
haps the hydrogen too, and prevent 
gas evolution. These titanium-bearing 
steels still carry a premium price, 
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though. The use of lower-firing frits, 
vitrifying around 1350 F, also mini- 
mizes gas evolution. The newest 
trick to beat gas defects when using 
standard steel, however, is the use 
of special surface treatments. 

Thin, one-coat enamels have been 
made practical by titanium type frits, 
which have better covering powet 
than zirconium and antimony types, 
can be fired directly to the iron or 
steel, and are acid resistant besides 
Recently announced one-coat enamels 
have used various combinations of 
these ideas. Westinghouse was one 





of the first to come up with a com. 
mercial one-coat porcelain cname! 
process. A high opacity titanium dj. 
oxide frit and a titanium stabilized 
steel are used. The coating thickness 
is 0.007 in., compared to 0.015 in. 
for a conventional double coat. West. 
inghouse is using the new enamel 
on platforms for kitchen ranges. Re. 
sistance to food acids is important 
here. In service, these platforms are 
subjected to impact from falling ob. 
jects and sharp corners. The one. 
coat enamel is used for its chip te. 
sistance. Production economies have 
also been realized by Westinghouse. 
The single firing cycle is cheaper 
than two or more trips through the 
furnace. Another advantage of the 
new enamel is that it is less suscepti- 
ble to damage during shipping of 
the ranges. 

Westinghouse has found some dis 
advantages, too. The titanium steels 
cost more than regular steel and are 
in rather short supply. The one-coat 
frits also have a narrow bonding 
range of 30 F. They are fired ai 
1520 to 1530 F to stay safely within 
this range. This also brings in the 
possibility of underfiring at brackets 
and braces, and some pieces have re- 
quired redesign before the process 
could be used. 


At least one of these objections 
the need for a premium steel—seems 
to have been mec by two new proc- 
esses, one developed by The Strong 
Manufacturing Co., the other intr 
duced jointly by the Republic Stee 
Corp. and the Ferro Corp. 

The Strong one-coat enamel can 


be applied as thin as 0.003 in. Parts 


can be sheared, bent, sawed, punched 
and drilled after enameling. Non- 


One-coat enameled steel can be formed, sawed, punched, drilled and sheared successfully. 


(The Strong Manufacturing Co.) 
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remium steel 1s used and the trick 
is in the metal surface preparation. 
While any commercial titanium en- 
amel can be used, the softer, lower- 
firing enamels have been most suc- 
cessful. There is less mg fem with 
complicated shapes when low firing 
temperatures are used. Strong has 
been producing fluorescent lighting 
reflectors for Westinghouse by this 
method on a large volume basis 
since April 1951. 

The Ferro-Republic product is 
similar—a chip resistant, titania- 
opacified, one-coat enamel that can 
be put over non-premium steel. Ferro 
is more specific about the precoating 
surface treatment, however. The 
metal is cleaned and roughened by 
sand blasting or by a special sharp 
etching pickling process. The nickel 
deposition is nongalvanic and no iron 
goes into solution. This gives a more 
continuous nickel coat and leaves a 
rough surface to take the porcelain 
enamel. 


Heat Resistant Coatings 


Another field of porcelain enamel- 
ing has shown activity recently. This 
is the high temperature field, in- 
cluding finishes vitrifying at~-.tem- 
peratures near 2000 F. These finishes 
are known as ceramic coatings rather 
than porcelain enamels. The upper 
limit of vitrifying temperatures for 
porcelain enamels is 1600 F. 

These ceramic coatings are applied 
to heat resistant alloys for protection 
against such forms of deterioration as 
scaling and intergranular corrosion. 
Uncoated alloys suffer mostly from 
the chemical action of hot corrosive 
gases—particularly oxygen, lead bro- 
mide, sulfur compounds and hydro- 
carbons. The erosive effect of the 
gases impinging on the alloys at 
high velocity seems also to be a 
factor in certain types of service. 

Most of the research on ceramic 
coatings for high temperatures has 
been done at the National Bureau of 
Standards. The A-19 coating con- 
taining alumina was announced by 
the Bureau in 1943. This was the 
first thin coating (0.002 to 0.003 
in.) and was designed to protect 
low carbon steel at 1250 F for long 
Periods in air. The coating was chip 
and crack resistant because of its 
thinness. A-19 has been used regu- 
larly in military aircraft since 1944. 
Modified versions have found civilian 
applications. 

in 1945 the Bureau teamed up 
with the National Advisory Commit- 
tee for Aeronautics to develop coat- 
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ings to extend part life and save 
scarce alloying elements in aircraft 
engines. The A-417 coating, in com- 
mercial production since 1950, has 
been the most successful coating so 
far. The A-417 was developed by 
William H. Harrison, Dwight G. 
Moore and associates at the NBS. 
It is a high-barium, alkali-free frit 
with 30% chromic oxide. The coat- 
ing is sprayed or dipped on and 
fired at 1850 F. The result is a 
smooth, uniform, green-colored finish 
in controlled thicknesses between 
0.001 and 0.002 in. Thus far the 
coating has been used mainly with 
Inconel and 19-9DL alloy, but it 
has also been applied successfully to 
HS-21, S816 and 18:8. A-417 can 
probably be used effectively with any 


er gpm 


The new ceramic coatings developed by the National Bureau of Standards have been 


before heating, although there was 
some loss of gloss. There was no 
“burn-off”’, “‘copper-heading”’ or blis- 
tering. 

For over a year, Inconel heat ex- 
changers used in the exhaust system 
of a large bomber to supply heated 
air for de-icing have been A-417 
coated in regular production. Un- 
coated heat-exchanger parts had pre- 
viously been failing after only a 
short time under some service con- 
ditions, apparently because of inter- 
granular corrosion. Design changes 
and coating the exchangers with A- 
417 increased service life many times 
over. Success of the coating with 
heat exchangers has led to other 
exhaust-system applications. Service 
tests by commercial airlines have 


a ee 





<x 


used to protect airplane engine exhaust systems. (Ryan Aeronautical Co.) 


of the common heat resisting alloys. 

The value of A-417 has been es- 
tablished both by laboratory tests and 
by substantial service experience. The 
coating retards carbon absorption 
from exhaust gases of high fuel-air 
ratios, corrosion from lead com- 
pounds present in the exhaust stream, 
and oxidation of exterior surfaces in 
contact with the air. At the same 
time, it has good resistance to high 
temperature heat flow; has high re- 
sistance to thermal shock; adheres 
well, even at 1650 F: and covers 
edges and welds effectively. 

In one laboratory test, A-417 
coated Inconel was heated 500 hr 
at 1650 F in air. The coating re- 
tained most of its initial properties. 
The adhesion was almost as good as 


shown that life expectancy ot exhaust 
collector parts is increased, and 
coated exhaust system parts are now 
being produced in substantial quan- 
tity. I-40 gas turbine blades coated 
with A-417 have also given en- 
couraging results in accelerated labo- 
ratory tests, although data are limited. 
Even at high temperatures, the coat- 
ing seems notably free from flow due 
to centrifugal force. 

The NBS coating is not the only 
high temperature ceramic coating in 
use. Solar Aircraft Co. is testing a 
formula of their own development 
with equally attractive potentialities. 
These coatings are being used in jet 
combustion chambers to lower the 
alloy requirements for a given service 
life. 
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Base of Westinghouse bell type nitriding furnace being loaded with a charge 


background. 


of internal gears. The bell cover is visible in th» 


How to Case Harden Steel by Nitriding 


by JOHN L. EVERHART, Associate Editor, Materials & Methods 


Proper use of nitriding on suitable steels provides 
parts with excellent wear resistance and retention of 
hardness at elevated temperatures. 


@ THE NITRIDING PROCESS is a means 
of case-hardening certain alloy steels 
by treating them with ammonia or 
other nitrogenous material. The par- 
ticular advantages of nitriding are: 
(1) no subsequent treatment is nec- 
essary; (2) minimum distortion dur- 
ing treatment; (3) high resistance 
to wear; (4) retention of hardness 
at elevated temperatures; (5) im- 
provement of fatigue properties. The 
principal disadvantages are: (1) the 
extended time required for obtaining 
a suitable case; (2) the process is 
relatively expensive since special 
equipment is required; (3) special 
steels are necessary if maximum 
hardness is to be obtained. 
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The Process 


The nitriding process depends for 
its effectiveness on the formation of 
nitrides in the steel by the reaction 
of nitrogen with certain alloying 
constituents. There are two basic 
requirements. A nitride forming 
element must be present and the 
nitrogen must be supplied to the 
surface in atomic form. Ordinary 
molecular nitrogen will not nitride 
a steel. 

In the original nitriding process, 
the steel is exposed to gaseous am- 
monia at a suitable temperature for 
the formation of the metallic ni- 
trides. The material to be nitrided 


must be placed in a closed container 
with means supplied for the contin- 
uous circulation of the ammonia. 
However, no special furnace is 
needed, although it is necessary that 
the furnace be capable of maintain- 
ing uniform heating conditions for 
the time required to complete the 
operation. The temperatures are 
maintained generaliy in the range 
930 to 1050 F, and the operation re- 
quires up to 90 hr for completion. 
Upon exposure of the steel to am- 
monia in this temperature range part 
of the ammonia breaks down into 
atomic nitrogen and hydrogen, the 
former attacking the steel to form 
nitrides while the latter passes from 
the furnace with the excess am 
monia. Usually conditions are ad- 
justed to obtain 30% decomposition 
of the ammonia. It is agreed gener- 
ally that the case thus formed con- 
sists of two layers. The outer, of 
“white layer”, is composed entirely 
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of the nitrides of iron and those 
alloying elements which form ni- 
trides. This layer is usually removed 
by grinding after nitriding. The in- 
ner layer contains precipitated ni- 
trides formed by diffusion inward of 
the nitrogen from the white layer. 
Being a diffusion process, the depth 
of case depends on the time of ex- 

sure to the nitrogen. With suit- 
able equipment, this method of 
nitriding is readily controllable and 
is the most widely used process at 
resent. 

A modification of the process has 
been developed by Floe for appli- 
cations where grinding off the white 
layer is undésirable or impractical. 
This is a two-stage nitriding cycle 
in which the ammonia dissociation 
is held at 20% for a period of 5 
to 10 hr at 975 F. The temperature 
is then increased to 1025 to 1050 
F and the ammonia dissociation to 
80 to 85%. During the second stage, 
any white layer which has been 
formed on the surface is removed 
by inward diffusion of the nitrogen. 
Thus, the final case is practically 
free of a white layer and ready for 
service immediately. This process is 
being increasingly employed for such 
applications as gears where the elimi- 
nation of a finishing operation re- 
duces the cost greatly. 

A second method consists of heat- 
ing the steel in a suitable salt bath 
maintained in the same temperature 
range as that used for gaseous ni- 
triding. Although a number of com- 
positions are in use, they are all 
variations of the basic mixture of 
60% sodium cyanide-40% potassium 
cyanide. It has been claimed that this 
procedure is more rapid than gaseous 
nitriding because of more intimate 
contact of the nitrogen with the steel. 
However, this point is somewhat 
controversial for, being a diffusion 
process, the rate of penetration is 
determined by the composition of 
the steel, and given a sufficient sup- 
ply of nitrogen at the surface, the 
tate should be independent of the 
means of supplying that nitrogen. 
Be that as it may, the process is 
less generally applied than the gas- 
Cous procedure. It is particularly 
advantageous for nitriding small lots 
of material and is frequently used 
for the application of a thin case 
on tool steels. Ease of temperature 
control is another advantage of this 
process. There are a number of vari- 
ations of the salt bath process such 
as, for example, bubbling ammonia 
into a cyanide bath. 
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Nitriding Steels 


The requirements of steels for 
nitriding are: (1) suitable alloy con- 
stituents, and (2) proper condition. 
The principal elements which con- 
tribute to the formation of useful 
nitride cases are aluminum, cbro- 
mium, molybdenum, vanadium, tungs- 
ten and titanium. Other elcments, 
such as carbon, silicon and nickel, 
do not form nitrides but can influ- 
ence the type of case by obstructing 
the rate of penetration of the nitro- 
gen and thus reducing the case 
depth. Carbon can also influence 
the case by forming carbides with 
elements such as chromium and re- 
moving them from the reaction. The 
special role of nickel in aluminum- 
bearing steels will be referred to 
later. The content of alloying ele- 
ments is also important in providing 
suitable core properties. 


The hardest cases are obtained 
with aluminum-bearing steels, and 
a special class of steels, the Nitral- 
loys, which contain this element are 
widely used for nitriding. The Ni- 
tralloys are generally medium carbon 
steels containing also chromium and 
molybdenum, the latter being par- 
ticularly effective in preventing the 
embrittlement which can occur in 
steels heated in the nitriding range. 





Nitralloy N contains 31/)% nickel. 
Nickel and aluminum together form 
a precipitation-hardening steel, and 
it is fortunate that the optimum tem- 
perature for this reaction is the 
same as that ordinarily used for ni- 
increased hardness and strength in 
triding. Thus, it is possible to obtain 
the core during nitriding although 
there is some loss in ductility. With 
the other steels in this group, the 
core properties are unchanged dur- 
ing nitriding. 

A special high carbon Nitralloy 
has been developed for applications 
as forgings or castings. This steel 
is tempered at a high enough tem- 
perature to precipitate a great deal 
of the carbon as graphite. Further 
increase in hardness and strength can 
be obtained by a subsequent quench- 
ing and tempering treatment. 

The maximum case hardness is 
obtainable with the Nitralloy steels, 
but for some applications, somewhat 
lower hardness is desirable and steels 
containing no aluminum are used. 
Among such steels are the medium 
carbon AISI-SAE standard steels such 
as 4130, 4140, 6120, 8630, 8640 
and 9440. 

All of the stainless steels can be 
case-hardened by nitriding, and a 
number of them are used for this 
purpose. The straight chromium 


Nitrided accessory drive gear used in the Wright Turbo-Compound Engine. 
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Some Nitriding Steels 





























Nominal Composition, % 
| — 
Designation Cc Mn | Si Cr Al Mo Ni Others 
Nitralloy 135 0.30/0.40 | 0.40/0.70 | 0.20/0.40 | 0.90/1.40 | 0.85/1.20 | 0.15/0.25 
Nitralloy 135, Modified 0.38/0.45 | 0.40/0.70 | 0.20/0.40 | 1.40/1.80 | 0.85/1.20 | 0.30/0.45 
Nitralloy N 0.20/0.27 | 0.40/0.70 | 0.20/0.40 | 1.00/1.50 | 0.85/1.20 | 0.20/0.30 | 3.25/3.75 | 
Nitralloy EZ | 0.30/0.40 | 0.50/1.10 | 0.20/0.40 | 1 .00/1.50 | 0.85/1.20 | 0.15/0.25 | | 0.15/0.25 selenium 
Nitralloy GR /*1.25/1.50 | 0.40/0.60 | 1.25/1.50 | 0.20/0.40 | 1.00/1.50 | 0.20/0.30 | 
Stainless Steel | 45 | 14 | 30 | 14 | 2.5 tungsten 
| 

















NOTES: 


Among standard AISI steels which are nitrided are 4130, 4140, 6120, 8630, 8640, 9440 and stainless types 302, 410 and 416, 


* Total carbon. 


steels are more readily nitrided than 
the nickel-chromium steels, although 
both are used. Nitriding is also used 
to put a thin hard case on tool steels 
for certain applications. 


Factors Influencing the Process 


Since the depth of case depends 
on the diffusion of nitrogen from 
the “‘white layer’’ into the region 
below, time and temperature have 
considerable effects. For example, 
nitriding at 975 F will produce a 
deeper case than nitriding at 940 F 
in the same time. However, the 
lower temperature will produce the 
harder case. The depth depends also 
on the composition of the steel. 
Highly alloyed steels are penetrated 
less readily by the nitrogen than 
those less highly alloyed. Thus, the 
cases developed in stainless steels are 
shallower than those developed in 
the Nitralloys. 

The hardness of the case depends 


on a number of factors also. The 
outer “‘white layer’’ is more brittle 
than the underlying layer which con- 
tains the precipitated metallic nitrides 
and is usually removed by grinding 
or lapping. Care must be taken in 
these operations, for cracking can 
result from too drastic grinding. The 
lower the temperature, the harder 
the useful case. However, a compro- 
mise temperature is necessary to ob- 
tain an adequate case depth together 
with suitable hardness. Aluminum 
is the most effective of the alloying 
elements, and cases produced on 
steels containing this element will 
give case hardnesses of 1050 to 1150 
DPN, excepting that containing 
314% nickel which will run a little 
lower, perhaps 950 to 1050 DPN. 
Steels containing no aluminum will 
have cases of lower hardness gener- 
ally in the range 600 to 900 DPN. 

The structure of the steel is an 
important factor in obtaining suit- 
able cases. For most effective harden- 


ing the steel must be quenched and 
tempered to obtain a sorbitic struc- 
ture. The tempering operation is 
usually performed at 1100 to 1300 F, 
thus reheating to the 925 to 1050 
F range required for nitriding causes 
no softening of the core. 

The presence of free ferrite is 
undesirable and may result in brittle 
cases. Annealed or normalized steels 
are not suitable for nitriding. De- 
carburization resulting from _ heat 
treatment will also result in uneven 
hardness and brittleness in the case, 
and the decarburized layer must be 
ground off before nitriding to ob- 
tain satisfactory results. 

The surface condition of the steel 
also affects the process. Rough sur- 
faces are most effective, while burn- 
ished ones do not give satisfactory 
cases. However, many highly pol- 
ished surfaces are nitrided. A scaled 
surface has a tendency to flake and 
give non-uniform results, an effect 
which is obtained also with decarbu- 


Typical Core Properties of Nitriding Steels (Homerberg) 











| Yid Ten Elong, | Red. | Brinell 
| Point, Str, YJ |ofArea,| Hard- 
Designation Condition | Psi | Psi | (2 in.) | > | ness 

| | | | 
Nitralloy 135 | Oil-quenched from 1750 F, tempered at 1200 F | 120,000 | 138,000 | 20 58 280 

| | | | 
Nitralloy 135, Modified | Oil-quenched from 1700 F, tempered at 1200 F 141,000 | 159,000 | 18 56 | 320 
Nitralloy N Oil-quenched from 1700 F, tempered at 1200 F 115,000 132,000 22 59 277 
Nitralloy N Oil-quenched from 1700 F, tempered at 1200 F, nitrided* 180,000 190,000 15 43 415 
Nitralloy EZ Oil-quenched from 1700 F, tempered at 1200 F 125,000 17 45 255 
Nitralloy GR Oil-quenched from 1650 F, tempered at 1375 F 5 hrs 84,000 108,000 18 19 




















* Properties show effect of precipitation hardening during nttriding. 
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rized surfaces since these have a 
tendency to blister and peel. 

Although it is necessary only to 
degrease the lower alloy steels to 
make them suitable for nitriding, 
the stainless steels require special 
treatment, for the inherent oxide 
flm interferes with nitriding. In 
order to prepare the surface of these 
steels for nitriding, they can be pre- 
heated in a completely cracked am- 
monia atmosphere at 800 to 850 F, 
ickled in a hot hydrochloric acid 
solution, or etched electrolytically or 
chemically. Following such treatment 
they must be placed into the nitrid- 
ing container immediately to prevent 
the formation of a new protective 
oxide coating. 


Properties 


The nitriding operation is per- 
formed at a relatively low tempera- 
ture and no quenching is required. 
Distortion is reduced to a minimum, 
a factor which permits the finishing 
of parts to close tolerances before 
nitriding. This is one of the advan- 
tages of nitriding over carburizing. 
Some complex parts, which cannot 
be case-hardened satisfactorily by 
carburizing, can be nitrided without 
difficulty. 

Wear resistance is an outstanding 
characteristic of the nitrided case and 
is the factor influencing its selection 
in most applications. Some quali- 
fication must be made because nitri- 
ded steels are more suitable for 
applications involving sliding fric- 
tion than those involving shock since 
the case has a tendency toward brit- 
tleness. 

The hardness of the nitrided case 
is unaffected by heating to tempera- 


Fatigue Strength of Nitralloy 135, 
Modified (Bittel) 








| Fatigue 
| Strength, 
Condition Psi 

Un-nitrided without notch 45,000 

Nitrided without notch 90,000 
Un-nitrided with half-circle 

I otch 25,000 

rided with half-circle notch 87,000 

Un-nitrided with ‘‘V"’ notch 24,000 

tided with ‘*V"" notch 80,000 











urided 40 hr at 975 F. 
yflex vibrating fatigue-lesting apparatus. 
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tures below the original nitriding 
temperature, and substantial hardness 
is retained up to at least 1150 F. 
This is in marked contrast with a car- 
burized case which begins to lose 
its hardness at relatively low tem- 
peratures. The retention of hardness 
is credited with being one of the 
major factors contributing to the 
wear resistance of nitrided steels. 

Fatigue resistance is also one of 
the valuable features of nitrided 
steels. Surface scratches and tool 
marks, so influential in reducing the 
fatigue strength of steel, appear to 
have no effect on nitrided steels. 
Even notches, providing, they were 
formed before nitriding or do not 
completely penetrate the case, do not 
reduce the fatigue strength. These 
favorable fatigue properties are credi- 
ted to the fact that the nitrided layer 
is in compression, a condition very 
favorable for resistance to reversed 
stresses. Numerous tests have shown 
that fatigue failure in nitriding steels 
tested to destruction originates near 
the boundary between the case and 
core, since this is the region of high- 
est tensile stress. As a result, design- 
ing for applications of nitriding steel 
is usually based on the fatigue 
strength of the core rather than that 
of the case. 

Although it is sometimes indicated 
that nitriding results in improved 
corrosion resistance, this is true only 
if the white layer is not removed. 
The corrosion resistance of the stain- 
less steels, on the other hand, is 
reduced considerably by nitriding. 
and this factor must be considered 
when nitrided stainless steels are 
employed in corrosive environments. 


Applications 


Most applications of the nitrided 
steels are based on their excellent 
resistance to wear, particularly to- 
ward sliding friction. Thus, they are 
used in cylinder barrels and liners 
for aircraft engines, bushings, shafts, 
piston pins, spindles and thread 
guides. Other applications require, 
in addition, freedom from distortion. 
These include cams and cam shafts, 
gears, rubber and paper-mill rolls, 
and boring bars. 

A 14 chromium, 14 nickel, 2.5% 
tungsten stainless steel is widely used 
for airplane valves, the stem being 
nitrided for increasing wear resist- 
ance. High-speed tools are nitrided, 
usually in a cyanide bath, to obtain a 
light hard case, which increases the 
life greatly. 


Main starter and accessory drive shaft for 

the Turbo-Compound engine nitrided by 

Wright Aeronautical to increase the wear 
resistance of the part. 


Aeronautical. Because distortion is reduced 
to a minimum, parts can be finished to 
close tolerances before nitriding. 
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Oil pump drive gear nitrided by Wright 




































































Intricate Forming of Glass Accomplished 
by New Photochemical Method 


by KENNETH ROSE, Western Editor, Materials & Methods 





a 


The new photochemical method permits patterns to be etched to any depth, and holes to 
be cut through the thickness of the glass. 


This ‘‘chemical machining’’ method used on special 

Photosensitive glass replaces machining operations 

such as drilling, cutting, engraving and sand blasting, 

and produces patterns hitherto considered impossible 
in glass. 


@ GLAss Is A material with limited 
formability. Therefore, the recently 
announced photochemical forming 
method for glass should be of great 
interest to industry. It takes advan- 
tage of the transparency of glass to 
produce a pattern in the material, 
either on the surface or through the 
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thickness of the piece, and then, by 
means of a differential chemical etch- 
ing procedure, dissolves away the 
part of the glass modified by light 
to free the form desired. The process 
bears some resemblance to the chem- 
ical etching of metals, a method 
having very few applications in in- 


dustry because it is so time-consum. 
ing; however, the combination of 
photosensitizing with the chemical 
treatment is unique in its application 
to glass. 

The process was developed by 
Corning Glass Works, and is an 
outgrowth of the production of the 
photosensitive glass that was an. 
nounced by the company in 1947. 
At that time there was produced a 
type of glass that underwent modifi 
cation when exposed to strong ultra- 
violet light, so that it became milky 
after a subsequent heat treatment. 
This was used to produce designs 
in. glass by using masks when ex- 
posing to the ultraviolet light, or 
to produce photographic scenes or 
pictures by irradiating through a 
photographic negative. As the image 
is integral with the glass, and there- 
fore is not subject to removal by 
surface scratching nor to accumula- 
tion of dirt in recessed figurations, 
it found application in industry for 
the marking of dials and indicators 
of glass, in the production of diffusers 
for light, etc. The present glass 
used for photochemical forming is 
a special photosensitive composition, 
different me that used for the pro- 
duction of images in the glass, but 
processed similarly. 


Steps in Process 


The first requirement in the photo- 
chemical forming of glass is to pro- 
duce a template or mask in which 
the open areas will correspond to 
the portion of the glass to be te- 
moved. If the piece to be produced 
is an elaborately designed shape of 
relatively thin cross-section, an opa 
que template can be used to mask 
that shape so that all the remaining 
portion of the glass can be sen 
sitized and subsequently dissolved 
away. If a pattern is to be etched 
into the surface of the glass, a photo- 
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graphi negative can be used. A 
template can also be used to produce 
an etched contoured apo in the 
surface of the glass by controlling 
the length and intensity of the ex- 

sure to light in the processing of 
the glass. 

Actual processing begins with ex- 

sure of the glass, with the mask 

or template covering it, to ultraviolet 
light. The exposure time and the 
intensity of the light can be varied 
to give amy desired depth of sen- 
sitizing in the glass. When a photo- 
graphic negative is used for masking, 
the depth of tone of the negative 
will aftect the irradiating time also. 
The glass is not visibly affected by 
the exposure, but a latent image is 
begun through the modification of 
the chemical composition of the glass 
by the ultraviolet light. 
The next step consists of heating 
the irradiated glass in an oven at 
about 1200 F for a period of about 
1 to 2 hr. The heat treatment brings 
out the latent image as a milky pat- 
tern in the glass corresponding exact- 
ly to the shape of the template or 
the photographic image used during 
the irradiating stage. The remainder 
of the glass remains clear. Another 
result of the heat treatment is that 
the composition of the glass is so 
modified that the clear portion is no 
longer photosensitive. 

The milky portion of the glass is 
about 50 times as soluble in hydro- 
fluoric acid as is the clear portion, 
and this is utilized to etch the de- 
sign into the surface of the glass, or 
to dissolve away all the modified 
glass and free the form. The entire 
piece is immersed in a dilute solu- 
tion of hydrofluoric acid, and the 
differential rate of attack causes the 
milky portion to be dissolved so 
much faster than the clear portion 
that the clear portion is for all prac- 
tical — unaffected while the 
unwanted part of the glass is re- 
moved. 

By this means, etched patterns can 
be given a depth and sharpness here- 
tofore impossible. The patterns may 
be as intricate as can be prepared 
on the mask, and any number of 
pieces can be made, each a photo- 
graphically precise duplicate. The 
method is well suited to mass pro- 
cuction. 
| artware, the new process holds 
the possibility of preparing etched 

in patterns so intricate that 
t production by mechanical proc- 
ses would be impractical or impos- 
sible. Delicate lace patterns, sculp- 
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tured figures and contour shapes can 
be produced with a sharpness of 
detail never possible before on glass. 

Industrially, the process makes 
possible the perforating of glass 
pieces with holes of any shape, of 
any size down to a few thousandths 
of an inch, and up to several thou- 
sands per square inch. It has already 
been used to manufacture plates for 





Evidence of the scope of the new method are the samples with a variety of patterns, 


rinted electronic circuits, the circuit 

ace etched into the surface of the 
plate and filled with conductive 
metal, with holes being simultane- 
ously formed for fastening to the 
chassis. Each pattern is identically 
etched, and because the plates can 
be made up as a large sheet and cut 
to individual plates after etching, 
production can be high. 





shown here. 





Delicate lace patterns are readily reproduced. 
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A few typical products made from pre-plated drawn wire: lift rod with rolled threads, jewelry, pot cleaner, and shoe shine dabber. 


Pre-Plated Drawn Steel Wire Saves Scarce Metals 


Steel wire plated with either copper, 
brass or nickel and then drawn fo size is 
finding many uses in both industrial and 
consumer fields because of its ability to 
be formed without flaking of the coating. 


@ ELECTROPLATED WIRE that can 
be drawn, formed and otherwise 
processed without flaking of the 
coating is a relatively new develop- 
ment which is of particular signifi- 
cance during this period of metal 
shortages. By using a plating of 
copper or nickel on steel wire, in- 
stead of solid wire of these scarce 
metals, savings of over 90% can be 
realized. Because of the current scar- 
cities, copper, brass and nickel plated 
steel wire are now receiving most 
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attention from industry. However, 
nickel on copper and silver on cop- 
er are also available for suitable 
applications. 


The Process 

Briefly, in the Kenmore process a 
heavy coating of the desired metal is 
first electroplated on steel core wire 
and then the plated wire is drawn 
down to size by conventional draw- 
ing methods. The plating operation 
is continuous and automatic. Excel- 


by HERBERT KENMORE, President, Kenmore Metals Corp. 


lent adhesion is obtained by a special 
method of pre-treatment and inter- 
mittent coating of the steel surface 
before the desired metal covering 
is applied. 

Low, medium or high carbon steel 
is used for the core wire, depending 
on the application. The initial diam 
eter of the base wire is from 5/16 
to 14 in. In the course of the draw 
ing process the coated wire! is an 
nealed similarly to bare steel. The 
finish anneal is done at 1150 F and 
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an atmosphere furnace is used to 
give a bright finish. 
~ By means of this process, wire is 
obtained that (1) has a uniform 
coating throughout the length of 
wire, (2) has a coating which is 
an integral part of the base wire, 
and (3) has the properties of cold 
worked steel plus the properties pe- 
culiar to the particular coating metal 
used. The mechanical properties of 
drawn plated wire are essentially the 
same as those of drawn unplated 
steel wire of the same composition. 
One of the principal features of 
this wire is that it can be further 
shaped and worked by bending, flat- 
tening, swaging and even thread roll- 
ing operations without chipping or 
flaking of the coating. This is pos- 
sible because of the excellent bond 
between the base wire and the plating 
resulting from drawing operations. 
The accompanying photomicrograph 
shows how the copper coating is 
worked into the surface of the base 
wire by the drawing operation. 


Copper Plated Steel Wire 


Drawn copper plated steel wire, 
alled Copperon, is produced in sizes 
from 0.005 to 4 in. in dia. It can 
be obtained in rounds and-also in 
flat wire with square or round edges. 
The thickness of the coating on the 
drawn wire is usually specified in 
percentage of total weight. Thus, al- 
though the actual coating thickness 
decreases as the wire is drawn to 
smaller sizes, the ratio of the coating 
thickness to the base wire remains 


constant. In general, coating thick- 
nesses range from 0.5% to 12% 
by weight. Since the steel core wire 
weighs less than would a solid copper 
wire of the same diameter, Copperon 
wire provides about 5% more foot- 
age per pound than solid copper 
wire. 

For uses involving ordinary elec- 
tric currents the electrical conductivity 
of copper-steel drawn wire is about 
25% that of copper. However, where 
high frequencies are involved, the 
currents travel on the conductor's 
surface, and, therefore, the conduc- 
tivity of plated wire approaches that 
of solid copper. Thus, copper-coated 
steel wire is ideally suited for high 
frequency conductors. For example, 
the high frequency currents used in 
radar and television travel on the 
surface of the wire and not through 
the core; therefore, coaxial cable with 
a steel core and outer layer of copper 
is almost equivalent to 100% copper 
wire. 

Copper plated wire can be welded 
by conventional resistance welding 
methods. However, careful control 
of timing factors must be observed 
so that plating will not discolor. The 
fine wire sizes (20 AWG and 
smaller) can be successfully soldered. 

Copper plated steel wire has many 
present and potential uses in industry 
and particularly in electrical, elec- 
tronic and communications applica- 
tions. Some of the specific places 
where it has already been used are 
for power transmission and railway 


sional lines, television antennas and 


notomicrograph at left shows cross section of steel wire as-plated with copper (200X). 
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steel wire after being drawn down to size (500X). 


transmission lines, coaxial cables, 
heavy duty appliance cords, incan- 
descent lamp leads, pigtails for ca- 
pacitors and resistors, lightning rods, 
radio frequency coils, internal tele- 
phone wiring, plumbing products 
such as float racks and lift rods, 
and pot cleaners. Brass and bronze 
plated wire has been finding con- 
siderable use for ornaments, jewelry 
and curtain rods. 

As pointed out earlier, one of the 
most important advantages of Cop- 
peron wire is that by using it in 
oe of solid copper wire considera- 

ly less copper is needed. A typical 

example of this is the case of a 
producer of television antenna wire 
who, by switching from solid 30- 
gage copper to copper plated wire 
for a 300-ohm antenna, saved about 
90 tons of copper on every 100-ton 
order of Copperon wire. In addition, 
he obtained the same performance 
characteristics and a longer lasting, 
higher strength wire. 

Another example is the common 
lift and float rod used in water 
closets. This rod has traditionally 
been made of solid copper wire. 
Now, however, copper plated steel 
wire with a copper coating 5% by 
weight is being used successfully. 
The coating has proved sufficient to 
insure satisfactory corrosion resistance 
and the rod can be roll threaded 
without damage to the copper plate. 


Nickel Plated Wire 


Nickel is plated directly on steel 
without an intermediary deposit of 





Photomicrograph at right shows copper-plated 






















copper. The wire is available in the 
same section shapes as copper coated 
wire. In general, sizes of round wire 
range from 50-gage to 5/16-in. dia. 
Flat wire has been produced up to 
a width of 3 in. The coating thick- 





mess can be as high as 0.002 or 
0.003 in. The standard dry drawn 
nickel plated wire has a satin finish 
appearance. If desired, the wire can 
be so processed to give a super-bright 
finish. 





Fine wire shown on spool and in foreground was drawn from copper-plated steel wire 


on left. 





Twisted shape illustrates how plated wire can be bent without flaking. 


Copper-plated steel wire is finding wide use as wire filaments in tubes and lamps. 
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Nickel plated steel wire can |y 
successfully spot and butt welded }y 
controlling the timing factors so tha; 
the welding time is brief enough to 
prevent extensive diffusion from oc. 
curring. Thus, the nickel content at 
and adjacent to the welded joint te. 
mains high and provides corrosion 
resistance at least equal to the rest 
of the wire. 

Nickel coated steel wire has been 
used for various spring products, 
and also for typewriter key levers. 
For closely coiled helical springs it 
has a particular advantage. By using 
pre-plated wire the entire spring is 
coated uniformly, whereas springs 
plated after forming receive the pro- 
tective coating on only part of the 
diameter. In addition, the chance of 
hydrogen embrittlement is eliminated 
since the wire is plated in the pat. 
ented stage and then drawn to spring 
temper. Other typical products made 
from nickel plated wire include lead 
wire, incandescent and fluorescent 
lamp wire, and automotive head light 
wire. 

Nickel has also been plated ot 
copper wire for ordinary and high 
power tube leads in the radio field 
or for conductors where operating 
temperatures are above 300 F. Nickel, 
5% by weight, is plated on ¥/-in. 
die scalped copper wire and drawn 
to 0.020, 0.016, 0.010 and 0.0064 
in. 

The preplated wire is highly ad- 
vantageous in the appliance field as 
asbestos covered conductors for spe- 
cial heaters and high wattage lamps 
It has a conductivity of as high as 
95% of copper, whereas solid nickel 
which is conventionally employed 
because of the high temperature, has 
only about 16% the conductivity of 
copper. 

Preplated silver copper wire also 
has some promising uses in both the 
consumer and industrial field. A 1/,- 
in. copper wire can be coated with 
any desired thickness of silver. For 
jewelry, a 0.050 copper wire with a 
10% plate of silver by weight is 
used. In the electrical and electronic 
industries, silver-plated wire is find 
ing extensive use as a substitute for 
solid silver. While silver alone has 
the better conductivity, it is too ex- 
pensive in many applications, and, 
therefore, drawn silver plated cop- 
per wire is used instead with satis 
factory results. 

Finally, the most recent develop- 
ment has been electroplating stain- 
less steel wire by the same process, 
but the total production at present is 
reserved for the armed forces. 
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Precipitation Hardening Stainless Steels 






Show Advantages Over Standard Grades 


by GORDON T. BEDFORD, Development Engineer, Armco Steel Corp. 


17-7 PH and 17-4 PH 
steels can be readily cold 
or hot worked and 
welded, and with proper 
heat treatment, develop 
strengths equaling those 
of the carbon and low 
alloy steels at room tem- 
perature 


@ To PROVIDE characteristics not 
previously available in stainless steel 
and to overcome the disadvantages 
of the standard stainless steels, the 
Armco precipitation-hardening stain- 
less steels 17-7 PH and 17-4 PH 
were developed. These steels, which 
have been available for the past 
three years, can be severely cold or 
hot worked, or welded, and then 
heat treated at temperatures of 850 
to 1400 F to develop strengths which, 
at ordinary temperatures, equal those 
of the carbon and low alloy steels. 
At temperatures up to 700 F, 
strengths are equal and in most cases 
superior to those of the best other 
structural material. Strength-weight 
ratios are high, and especially at 
elevated temperatures compare favor- 
ably with those of any other metal 
used in light-weight construction. 
The corrosion resistance of these 
steels, as determined in the labora- 
tory, is generally superior to that of 
the hardenable stainless steels and 
is equal to 18:8 under some condi- 
tions. 

Although cold  work-hardened 
standard chromium-nickel stainless 
steels are available in light gages 
vith high yield and _ ultimate 
strengths in tension, they do not 
have sufficient ductility to be suitable 

severe forming operations. Of 
importance in highly stressed struc- 
es is the fact that their longitudinal 
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compressive yield strengths are con- 
siderably lower than their tensile 
yield strengths. 

The standard hardenable chromi- 
um stainless steels can be heat treated 
to develop high strength but not 
all are available in sheet and strip 
form, while their corrosion resistance 
is inadequate for some service con- 
ditions. These standard hardenable 
chromium alloys require high tem- 
perature heat treatment at 1750 to 
1950 F to develop their full strength, 
and problems of scaling, decarburiza- 
tion, cracking and warping may be 
encountered. 

The compositions and some of the 
physical properties of 17-7 PH and 
17-4 PH are given in Table 1. To- 
gether, 17-7 PH and 17-4 PH em- 
brace a wide range of sizes in plate, 
sheet, strip, bars, wire and forging 
billets. The 17-4 PH grade is also 
an excellent casting alloy. The desig- 
nations for the conditions in which 
these grades are supplied, or which 
can be developed by heat treatment, 
are given in Table 2. 


17-7 PH Plate, Sheet, Strip, Bars 
and Wire 


A big gap that 17-7 PH is helping 
to fill is one that has existed in the 
manufacture of aircraft and guided 
missiles. Here, high strength struc- 
tural sections and components have 
been produced from aluminum and 
magnesium alloys, and by severe 
forming and subsequent hardening 
of low alloy steels. However, in 
some applications conventional ma- 
terials have not been sufficiently cor- 
rosion resistant, or not strong enough 
at the higher temperatures now pre- 
vailing in the structures surround- 
ing aircraft power plants. Standard 
high tensile austenitic stainless steel 
has been used in some places for its 
high corrosion resistance and _ its 
strength under service conditions. 
However, these grades are lacking in 
some respects, as previously men- 









The anti-shimmy damper is one of the 


17-7 PH and 


in military aircraft. 


applications of 17-4 PH 


tioned, and, therefore, are not ideal 
materials for complicated highly 
stressed structures. 

Condition A—For such applica- 
tions 17-7 PH plate, sheet and strip 
are supplied in Condition A with a 
55,000 psi maximum yield strength, 
a hardness of Rockwell B 92, and 
an elongation of 40%. Having these 
properties, 17-7 PH can be drawn 
or severely formed. For example, an 
airplane manufacturer reported that 
their experience has shown that for 
most forming operations the same 
bend radii can be used as with an- 
nealed 18:8 stainless. After forming, 
17-7 PH Condition A is heat treated 
to develop the properties indicated 
in Table 3. For other combinations 
of properties, different final heat 
treatments can be used. 

Deep drawing or severe forming 
are entirely feasible with 17-7 PH 
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Condition A, but work-hardening 
during these operations is rapid and 
intermediate annealing may be neces- 
sary. This is done by heating at 1875 
to 1925 F and air-cooling. Suggested 
holding time after the surface has 
reached temperature is 3 min for 
every tenth inch of thickness. Maxi- 
mum softening and the best structure 
are not achieved if the steel tem- 
perature does not reach 1875 F. Sur- 
face scale produced during annealing 
can be removed by pickling practices 
effective on the standard stainless 
steels. 

Condition T—After drawing or 
forming, a transformation heat treat- 
ment produces Condition T. This 
treatment requires 11/, hr at 1400 F, 
followed by cooling at any desired 
speed to 60 F or below. Condition 
T has useful properties with yield 
strength between that of 14 hard 
and 1/, hard types 301 or 302 stain- 
less. For some applications these 
properties will be adequate, and no 
further heat treatment is necessary. 
However, this is usually an inter- 
mediate condition that is followed by 
a second heat treatment to produce 
Condition TH or THD. 

The transformation that results 
from the 1400 F treatment begins 
only when the steel temperature has 
fallen to 250 F, and is not com- 
pleted until the temperature drops 
to 60 F. It is not required that cool- 
ing to 60 F or below be uninter- 
rupted. In fact, when water-cooling 
to 60 F or below, it is preferable 
first to air-cool to room temperature. 
Later—at any convenient time—cool- 
ing to 60 F or below can be com- 
pleted. This procedure will minimize 
distortion. Transformation is accom- 
panied by a dimensional increase of 
about 0.004 in. per in.; allowance 
should be made * this in lay-out, 
and any holes should be made after 
the transformation treatment and be- 
fore the final treatment at 950 or 
1050 F. 

If any distortion occurs as a result 
of annealing or the 1400 F trans- 
formation treatment, straightening or 
re-striking should be done at room 
temperature, and before the final 
hardening treatment. 

The 1400 F treatment produces a 
scale that can be removed by stand- 
ard procedures at this stage if a 
final hardening treatment is not to 
be applied, or if straightening or re- 
striking of formed parts is needed. 
One fabricator finds that a light 
blast with Alundum grit removes 
scale adequately. The blast is fol- 
lowed by passivation in nitric acid. 
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During the 1400 F transformation 
treatment a bright, scale-free surface 
can be maintained by heating and 
cooling in a protective atmosphere 
of dry hydrogen or dry cracked am- 
monia. 

Bars which require cutting after 
the 1400 F treatment should not be 
hot sawed or abrasive wheel-cut be- 
cause very shallow cracks may appear. 
Cold sawing should be used unless 
the cut surfaces are to be faced. This 


precaution is unnecessary on 
sheets and strip. 

Conditions TH and THD—T1o ob. 
tain the very high strengths of Cop. 
ditions TH and THD, the 1400 fF 
treatment, which produces Condition 
T, is followed by a final treatmen; 
at a lower temperature. For the bes 
combination of strength, impact te. 
sistance and ductility, the recom. 
mended treatment is at 1050 F fo, 
11/, hr, followed by cooling to room 


plates, 


Table 1 — Composition and Physical Properties 





| Composi- Condi- 


Grade tion tion* 


Density, 
Lb /Cu In. 


Ther Exp | Btu/Sq Ft/ Elect Magnetic 
per °F In. /Hr /°F Resist, | Permeabil- 


Coef of | Ther Cond, | 
70-800 F | at 300 F |Microhm-cm) ity, Max 








17-7 PH 


| 
| 
| 


0.07C | H 
| 17.00 Cr | 
7.00 Ni | 

1.10 Al | 

17-4 PH | 0.04 C 
16.50 Cr | 

3.50 Ni 





6.7x 10-4) 117 86.5 | 111 


6.6 x 10% 114 83.8 77 


6.5x 107% 








Table 2 — Forms, Conditions and Heat Treatment 





} 


Condition Is 
| Supplied by 
Grade and Condition | Mill in 


Be Developed by 
Fabricator-Heat | 
Treatment on 


| 
| | Condition May | 


How Condition Ils Developed 





17-7 PH Condition A Sheets, strip, 


plates and bars 


17-7 PH Condition T Bars 


17-7 PH Condition TH 


17-7 PH Condition THD 


17-7 PH Condition C Sheets, strip 


and wite 


17-7 PH Condition CH Wire 


17-4 PH Condition A Bars and wire 


17-4 PH Condition H Bars and wire 


17-4 PH Condition HD Bars and wire 





Sheets, strip, 
plates and bars 


Sheets, strip, 


| plates and bars 


Sheets, strip, 
| plates and bars | 


Sheets, strip, | For improved ductility. 1400 F 
plates and bars 


Sheets, strip 
and wire 


Bars and wire 
Bars and wire 


Bars and wire 


| Annealed at 1875-1925 F; air- 
cooled. 


Transformed by 1400 F, 1% hr, 
followed by cooling at desired 
rate to 60 F. 


1400 F as above plus hardened 
by 950 F, 4% hr, followed by air- 
cooling to room temperature. 


as above plus hardened by 1050 
F, 1% hr, followed by air- 
cooling to room temperature. 
Hardening temperatures other 
| than 1050 F can be used. 


Cold worked. 


Mill cold worked plus hardened 
by 900 F, % or 1 hr; air-cooled 
to room temperature. 


Solution-treated at 1875 to 1925 
F; air-cooled or oil-quenched. 


| Solution-treated plus hardened 
| by 850 to 900 F, 1 hr air-cooled. 


For i rs gah ductility. Solution- 
treated plus hardened by 950 to 
1150 F, 1 hr; air-cooled. 
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temperature at any desired speed. 
Higher strength, with some sacrifice 
’ of ductility and toughness, is ob- 
rained by hardening at 950 F for 


up to around 800 F. These pesees, 
ties exceed those of the standard 
stainless steels, low alloy 
titanium alloys, aluminum alloys and 


steels, 























a 
F 1/, hr. magnesium alloys. 
n ‘“17-7 PH has excellent mechanical As with all other heat hardenable 
t properties at elevated temperatures steels, strength is increased and duc- 
t 
- 
, Table 3 — Mechanical Properties 
n 
tux | | 
| | | Izod 
Yid | Red | Rock-| Im- | End 
Ten | Str, Elong,| of | well | pact,| Str, 
Condi- | Str, | 0.2%, | %in| Area,|Hard-| Ft- |PsiX107 
7 Grade| tion* Form | Psi | Psi | 2in. | & | ness lb | cycles 
17-7PH_ A | Sheet or strip 130,000 | 40,000 | 30 .. | B-85 | 
T | Sheet or strip | 145,000 | 100,000} 9 | .. | C31 | 
TH Sheet or strip | 215,000 | 200,000, 9 | C-45 | 
THD | Sheet or strip | 205,000 | 195,000; 9 | C-44 
CH 0.030-in. dia wire | 325,000 | 320,000 | | bi 
0.440-in. dia wire | 255,000 | 250,000 | : 
0.045-in. strip 250,000 | 240,000 C-49 
17-4PH| A Bars 150,000 | 110,000; 10.5; 45 | C-33/} .. | .. 
H Bars 195,000 | 182,000 10.5 | 45 | C-43| 15 | 90,000 
HD** Bars 170,000 | 160,000 16 | 54 | C-37 28 | 87,000 
HD*** | Bars 155,000 | 148,000 15 57 | C-35 36 | 82,000 





¢ Table 2. 
** 1000 F, 1 hr, air-cooled. 
*** 1100 F, 1 hr, air-cooled, 


’ PH—Modulus of Elasticity; tension, 29,000,000 psi; torsion, 11,000,000 psi; elastic limit in torsion 


is about 55% of tensile strength. 


17-4 PH—Modulus of Elasticity; tension, 28,500,000 psi; torsion, 10,500,000 pst. 


tility is lowered at sub-zero tem- 
peratures. 

This material exhibits a_ shear 
strength about 70% of the ultimate 
tensile strength when sheared across 
the rolling direction, and about 65% 
of the tensile strength when sheared 
along the rolling direction. 


Welding 17-7 PH 


17-7 PH Condition A is easily 
welded by the metal-arc, inert-gas- 
shielded arc, and the various resis- 
tance welding processes. Welding 
procedures are like those for stain- 
less Types 302 and 304. In contrast 
to the hardenable chromium stand- 
ard steels, no pre-heating or post- 
annealing are necessary. Welding 
heat does not cause hardening in the 
heat-affected zones of the parent 
metal. 

In ordinary metal-arc welding of 
17-7 PH, coated electrodes of 17-4 
PH should be used. Electrodes of 
17-7 PH are not made because they 
would tend to lose some of their 
aluminum content by oxidation; 
therefore, the weld metal would lose 
part of its hardening capacity. The 
dilution of the 17-4 PH electrode 
with the melted 17-7 PH base metal 


























Table 4 — Elevated Temperature Mechanical Properties 
Short-Time Tensile Properties | Stress-Rupture Properties Creep Properties 
Stress, Psi Causing Elong at Fracture, Stress, Psi to Produce 
Rupture in: % in 2 In.: Creep Rate of: 
Yid Pat. Res RISE OD Same Py Ba a 
Ten Str, Elong, 
Condi- | Str, | 0.2%, %Y in | | O1%in | 0.01% in 
Grade tion* | Temp, F | Psi Psi 2 In. 100 Hr | 1000 Hr | 100 Hr | 1000Hr; 1000 Hr 1000 Hr 
17-7 PH TH 70 206,500 | 184,500 | 9 
300 | 194,000 | 174,000 | 8 
400 | 189,000 167,000 | 6 
500 180,000 | 153,000 | 6 d. vy a mS +3 4 
600 171,000 | 141,500 6 162,000 161,000 S) 7 | 145,000 | 130,000 
700 “ a Wie: tee 138,000 4 3 | 135,000 105,000 
q 800 153,000 116,500 | 8 | 124,000 100,000 6 5 | 50,000 
4 900 | 136,000 102,500 | 12 | 73,000 57,000 15 21 | tf 
) 1000 | 108,500 67,500 | 12 | 
S| 17-7 PH CH 70 | 261,800 245,800 5 
‘, 300 248,000 233,500 4 
| 400 238,500 222,500 3 
500 228,000 214,000 3 ts ad a as i” 
600 | 222,000 203,500 3 220,000 216,000 10 8 | 205,000 200,000 
5 700 r - 194,000 | 180,000 11 9 | 150,000 125,000 
a 800 207,000 176,200 135,000 73,000 ee ee os Ma 
is 900 | 182,400 143,500 6 53,000 36,000 14 12 
4 PH H 70. | 196,000 182,500 15 
ay 500 170,000 150,000 10 :) 
Ri 600 | a a 154,000 148,000 2.5 2 141,000 105,000 
ee 700 | 158,000 138,000 10 134,000 130,000 2 2 120,000 80,000 
Me 800 | 157,500 137,500 10 130,000 99,000 4 4 50,000 
: 900 | 140,000 110,000 10 81,000 48,000 4 17 
1000 99,000 74,500 15 ie 
am | 1200 | 58,000 43,000 15 








lable 2. 
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in arc-welding normally produces a 
weld deposit which can be hardened 
by the treatment regularly applied 
to 17-7 PH material. The corrosion 
resistance of 17-4 PH is equal to 
that of 17-7 PH. Strength of joints 
made with electrodes of 17-4 PH is 
better than 90% of that of the hard- 
ened parent metal when the assembly 
is hardened by the regular 17-7 PH 
treatment at 1400 F plus 950 F after 
welding. 

For inert-gas-shielded arc welding 
filler rods or electrode wire of 17-7 
PH analysis are quite satisfactory, 
because the weld metal is adequately 
protected against loss of aluminum. 
When the assembly is given the 
double heat treatment after welding, 
its strength is equal to that of the 
hardened parent metal. 

All the resistance welding proc- 
esses regularly used on stainless steels 
can be carried out satisfactorily on 
17-7 PH Condition A. As with the 
standard stainless steels, it is impor- 
tant for weld soundness that elec- 
trode pressure be high in spot and 
roller seam welding. For the highest 
combination of weld strength and 
ductility in spot welds, the material 
should be given the 1400 F treatment 
before welding, then welded, and 
finally treated at 950 or 1050 F 
Results are almost as good if both 
treatments are applied before weld- 
ing, with none after. Joint strength 
is much lower when both heat treat- 
ments are applied after welding. This 
is etaleed te the fact that the weld 
nugget is subjected to high concen- 
trated stresses because of the notch 
effect created at the junction of the 
joined pieces and the nugget. The 
ability of a weld nugget to with- 
stand such stresses is a measure of 
weld metal ductility rather than of 
tensile strength. If the weld nugget 
in a 17-7 PH spot weld is hardened 
by a double treatment after welding, 
it becomes less ductile and so is less 
able to withstand the high concen- 
trated stresses. This same principle 
applies in welding 17-7 PH to one 
of the standard stainless grades. 

Typical tensile strength of un- 
welded 17-7 PH Condition TH is 
215,000 psi and its shear strength 
is around 125,000 psi. In the same 
material a single spot weld that has 
been prepared properly for maximum 
strength has a shear strength around 
65,000 psi. A wide gap between the 
strength of the base metal and that 
of a spot weld joining pieces of the 
same material is characteristic of all 
steels, for the reason discussed above. 
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The electrode found best suited for 
spot welding 17-7 PH is one with 
a domed tip, the radius of the dome 
being about 3 in. 

Cross-wire = welds on 17-7 PH 
wire are similar to spot welds on 
sheet, in the effect of welding and 
heat treating 2 opeoneg on joint 
strength. Such welds are considerably 
stronger than similar ones in hard 
drawn 18:8 wire. 


17-7 PH Spring Temper Wire and 
Strip 


Another important need 17-7 PH 
is meeting is that for a stainless steel 
spring temper material having an 
elastic limit higher than that of 18:8 
stainless and equal to the high car- 
bon and alloy spring steels. The 
strength of 17-7 PH spring wire or 
strip is higher than that of the nickel- 
copper, nickel-aluminum and copper- 
beryllium alloy spring materials at 
ordinary and elevated temperatures. 
17-7 PH Condition CH is the spring 
temper form of this grade, and in 
this condition it has the typical me- 
chanical properties shown in Table 
3. These are the properties available 
after forming the material received 
from the mill and then heat treating 
at 900 F for 1 hr and air-cooling. 

Another important advantage of 
17-7 PH over standard 18:8 stain- 
less is dimensional stability when 
formed into springs. It has been ob- 
served that the dimensions of 17-7 
PH springs are unaffected by the 
hardening treatment, and the ends- 
and hooks on helical springs do not 
change position. When 18:8 springs 
are given the usual stress relief treat- 
ment, dimensional changes may occur 
which alter the load-deflection char- 
acteristics, 

With 17-7 PH wire there is no 
hydrogen embrittlement problem in 
























producing springs such as may q&. 
cur on springs of carbon stec|, |oy, 
alloy steel or hardenable standar, 
stainless grades when they are pickle 
after hardening or are cadmiyp 
plated for corrosion resistance. 

17-7 PH Condition CH strip has 
very high endurance strength. 4 
spring manufacturer found that jt 
would withstand a higher stress thay 
high carbon spring steel up to one 
million cycles of stress reversal. Be. 
tween one and ten million cycles 
17-7 PH was equal to carbon spring 
steel. A manufacturer of moto; 
springs reported that torque delivered 
by 17-7 PH springs was higher than 
usually expected from clock spring 
steel. 

The excellent mechanical proper. 
ties of 17-7 PH Condition CH at 
temperatures up to 800 F are illus. 
trated in Table 4. For purposes of 
design, the short-time tensile prop. 
erties will provide adequate informa- 
tion for service up to 600 F. 17-7 
PH springs show considerably lower 
loss of load at elevated temperatures 
than do high carbon steels, allo 
steels and 18:8 stainless steel springs 

The only heat treatment to be 
done on 17-7 PH spring wire or 
strip by the spring manufacturer is 
the 900 F 1-hr hardening operation, 
which is carried out after the coiling 
of springs or forming. Wire over 
0.100-in. dia is usually supplied with 
a lead coating for spring-winding. 
This must be removed before the 
hardening treatment. It is done by 
immersion in 10 to 20% nitric acid 
at room temperature. Wire under 
0.100-in. dia comes with a non- 
metallic lubricating coating. This can 
be left on if ‘wanted, or can be 
removed by nitric acid. 

After heat treatment the springs 
can be cooled at any desired speed 
to room temperature. The hardening 


Table 5 — Low Temperature Mechanical Properties 


























| | Charpy V 
Notch Im- 
Condi- | Ten Str, Yid Str, Elong, Red of pact Str, 
Grade tion* | Temp, F Psi 0.2%, Psi | % in 2 in.| Area, % Ft-Lb 
17-7 PH | THD | 80 196,000 | 181,000 9.5 5,5 
ie 195,000 | 174,000 6 7m 5, 6 
| —40 212,000 | 194,000 5.5 ede Bath... 
—80 219,000 | 204,000 2 a ¢ 
| | —320 253,000 | 324,000 | 1 3. 4 
17-4PH |H | 80 | 198,000 | 177,000 10 52 19 
| 32 203,000 | 180,000 16 53 19 
| —40 209,000 | 186,000 17 53 4 
| —80 218,000 | 194,000 17 52 . 
| —320 263,000 | 243,000 7 10 4 




















* See Table 2. 
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Table 6 — Effect of Heat Treating and Welding Sequence on Mechanical Properties of Metal-Arc Welds and 


Inert-Gas-Shielded Arc Welds in 17-7 PH Conditions A, T and TH 





























| | 
1. 1400 F 1. Welded 1. 1400 F | 4 1, 1400 F 
2. 950 F 2. 1400 F 2. Welded 2. 950 F 
(Unwelded) 3. 950 F 3. 950 F 3. Welded 
| 
Metal-Arc | Inert-Arc Metal-Arc | Inert-Arc Metal-Arc | Inert-Arc Metal-Arc | Inert-Arc 
— 
Rockwell Hardness 
Parent Metal C45 C45 C44 C45 C44 C45 C44 C45 
Weld Metal i 5 C40 C45 B96 B90 B90 B85 
Tensile Strength, Psi 200,000 200,000 187,800 200,000 145,200 135,000 142,500 127,000 
Joint Efficiency Based on | 
Tensile Strength, % 94 100 72 67 71 | 63 
Elongation, % in 2 In. | 12.0 12.0 | 5.4 9.0 6.2 14.0 6.2 12.0 
Location of Fracture | Weld metal | Base metal | Weld metal | Weld metal | Weld metal | Weld metal 

















NOTE: Double-bevel butt joints in 34-in. plate, metal-arc welded with 44-in. coated electrodes. 
Square-butt joints in 4-in. plate, prepared by argon-shielded tungsten-arc welding, using one pass on each side and adding no filler metal. 


Table 7 — Effect of Heat Treating and Welding Sequence on Mechanical Properties of Metal-Arc and Inert-Gas- 


Shielded Arc Welded 17-4 PH 








1. Solution- 1. Solution- 1. Solution- | 1. Solution- 1. Solution- 
Treated Treated Treated Treated Treated 
2. 900 F 2. 900 F 2. Welded | 2. 900 F 2. Welded 
(Unwelded) 3. Welded 3. 900 F | 3. Welded 3. Solution- 
| 4. 900 F Treated 
| 4. 900 F 
Rockwell Hardness | | 
Parent Metal C43 C43 C43 C43 C43 
Weld Metal a” C30 C44 C45 C43 
Ultimate Tensile Strength, Psi 200,000 150,000 185,000 185,000 195,000 
Elongation, % in 2 In. 10.0 5.0 6.0 7.2 5.5 
Fracture Location Weld Weld Weld or Weld 
base metal 
Joint Efficiency Based on Tensile Strength, % 75 92 92 98 











NOTES: (a) Double-bevel buti-joints in \4-in. plate, metal-arc welded with 44-in. flux-coated electrodes of Armco 17-4 PH. 
(b) Square-butt joinis in \4-in. plate, argon-shielded tungsten-arc welded using one pass on each side and adding no filler metal. 


treatment also serves to relieve nor- 
mal cold-forming stresses in the wire, 
and a separate stress relief treatment 
is not applied. When the heat treat- 
ment is done in air, a heat tinting 
or coloring occurs. This has no di- 
mensional importance and it can be 
removed quickly with a 10 nitric- 
2% hydrofluoric acid solution at 110 
to 140 F, or by electropolishing. 

\7-7 PH Conditions C or CH are 
readily welded by the inert-gas- 
shielded arc method. However, the 
strength and hardness of fully hard- 
ened material cannot be obtained in 
and around the weld because after 
Welding, these areas behave like an- 
nealed material and do not respond 
to the single 900 F hardening treat- 
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ment. If the steel is. given the 900 F 
treatment and then welded, soften- 
ing occurs around the weld. For 
example, a weld in 0.050-in. thick 
sheet material will have a tensile 
strength of about 155,000 psi, which 
is not affected by heat treatment 
either before or after welding. If 
17-7 PH Conditions C or CH are 
to be fusion welded, it must be done 
at a point in the assembly where a 
strength lower than that of the fully 
hardened metal can be tolerated. 


17-4 PH Bars 


High strength and hardness are 
available in bar material of the stand- 
ard heat hardenable stainless grades 
of the 400 series such as Types 410, 


414, 416 and 431. However, the 
high hardening temperatures required 
may present problems of scaling, de- 
carburization, distortion, and even 
cracking. These problems do not arise 
when 17-4 PH bars are used since 
the hardening is done at 850 to 1150 
F followed by air-cooling, instead of 
at 1750 to 1950 F. This treatment 
produces hardnesses up to Rockwell 
C 45. Yield strength is considerably 
higher than for the standard chro- 
mium stainless grades, and is similar 
to that for hardened low alloy steels. 
As supplied in the solution-treated 
condition, 17-4 PH Condition A is 
readily machined, welded and forged. 
Mechanical properties are given in 
Table 4. When maximum strength 
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and hardness are desired, hardening 
is done by heating 1 hr at 850 to 
900 F and air-cooling to room tem- 
perature. Substantially higher impact 
strengths can be obtained by harden- 
ing in the range 900 to 1150 F. 
With these treatments the yield 
strength will still be above or equal 
to that of fully hardened and stress 
relieved stainless Types 403, 410, 
414, 416 and 431. 

Hardening of 17-4 PH produces 
only a heat tint, or very light oxide 
film, easily removed by a few minutes 
pickling in a 10 nitric-2% hydro- 
fluoric acid (by volume) bath at 110 
to 140 F. Long exposure of machined 
or polished parts to the pickling solu- 
tion should be avoided because of 
acid etching the surface. At the same 
time, this treatment removes such 
embedded foreign material as parti- 
cles of tool steel from machining op- 
erations, and produces a chemically 
clean (passivated) surface with maxi- 
mum corrosion resistance. The heat 
tint can also be removed by electro- 
polishing. 

The combination of high endur- 
ance strength with excellent corro- 
sion resistance has been a factor in 
the selection of 17-4 PH for im- 
portant defense applications. When 
tested at 700 F, 17-4 PH hardened 
at 1050 F has an endurance strength 
about 90% as high as at room tem- 
perature. For material fully hard- 
ened at 900 F, the elevated tem- 
perature endurance strength would 
probably be about 5000 psi higher 
than when hardened at 1050 F. 

High endurance strength and high 
creep strength, with high strength- 
weight ratio and excellent corrosion 
resistance at moderately elevated tem- 
peratures make 17-4 PH or 17-7 PH 
ideal for such applications as com- 
pressor blading in jet engines and 
other gas turbines. 

Good resistance to impact and high 
strength at below zero temperatures, 
coupled with high corrosion resis- 
tance, makes 17-4 PH suitable for 
such critical applications as aircraft 
landing gear parts, ordnance, and 
valves for cold-country oilfields. 

Machining—One of the chief ad- 
vantages of 17-4 PH is that it can be 
machined to final size in Condition 
A without allowing for scaling or 
distortion in the subsequent full hard- 
ening treatment, because of the low 
temperature of the latter. 17-4 PH, 
Condition A, is machinable at rates 
about the same as those used with 
Types 403 or 410 stainless heat 
treated to around Brinell 300. An 
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excellent finish is obtained. In ma- 
chining of airplane landing gear 
parts, etc., 17-4 PH has been found 
to have a real advantage over 18:8 
in either the annealed or cold worked 
conditions. 

Forging—17-4 PH can be hot 
forged readily. This alloy scales much 
less at forging temperatures than the 
hardenable standard stainless grades. 
Besides the metal saving, this means 
better surfaces on forgings, less dam- 
age to dies, and easier scale removal. 
Blanks should be heated uniformly 
to 2150 to 2200 F and held at tem- 
perature not less than 15 min before 
forging. If forgings are finished 
above 1800 F and rapidly air-cooled 
or oil-quenched, a solution treatment 
can be avoided. Water-quenching is 
not recommended. It may be de- 
sirable to transfer large or intricate 
forgings directly from the hammer 
to a furnace for solution treatment. 

The valve stem illustrated is an 
excellent example of severe forging 
of 17-4 PH. The material is upset, 
then drop forged to form the four 
thin radial fins. At the other extreme, 
an ingot 30 in. in dia has been satis- 
factorily forged down to 16 in. in 
dia, and a 21- by 23-in. ingot has 
been reduced to 9 in. square without 
trouble. The 16-in. round has been 
sawed into blocks, upset into disks, 
punched, expanded, and rolled on a 
ring mill to rings about 43 in. O.D. 
by 40 in. I.D. 

In cutting forging slugs from 
billets or bars, it is best to use a 
cold saw. Hot or abrasive cutting 
may produce very shallow cracks. 

Solution Treatment—Forgings can 
be solution treated by holding at 
1875 to 1925 F for 30 min, fol- 
lowed by air-cooling or oil-quench- 
ing. Air-cooling is > sean for 
sections over approximately 3 in. 
thick, or of intricate shape, to mini- 
mize the possibility of quench-crack- 
ing. 

Scale Removal—Scale produced in 
forging and solution treatment can 
be removed in a two-stage operation. 
Parts are treated first in a 15 to 20% 
by weight sulfuric acid bath at 150 
to 190 F for 10 to 45 min, then 
rinsed. Next, a solution containing 
6 to 15% nitric acid and 14 to 1/4 
hydrofluoric acid by volume is used 
to finish scale removal and whiten 
the surface. 

The sodium hydride method can be 
used instead of sulfuric acid. How- 
ever, if a temperature of 750 F and 
time of 15 min are exceeded, some 
hardening may occur. 





Welding—17-4 PH is  teagj 
welded by any of the methods yg, 
ally employed on chromium-nickg 
stainless steels and has all their 
welding characteristics. At the samy 
time, welded 17-4 PH is not Subject 
to the intergranular corrosive attag 
that may occur in some environm 
as a result of welding 18:8 T 
302 and 304 stainless. Also, 17-4 py 
is without the undesirable feature 
of the conventional hardenable chro. 
mium grades; thus, preheating ang 
annealing after welding are unneces. 
sary. 

For metal-arc welding, coated elec. 
trodes are used, which deposit weld 
metal of the same analysis as 174 
PH. Welds can be hardened by the 
same simple 850 to 900 F treatment 
used for 17-4 PH base metal. Whe 
17-4 Condition A is welded and they 
hardened, joint strength is about 
92% of that of fully hardened base 
metal. However, if the joint is solu. 
tion treated after welding, then hard. 
ened, this figure is raised to around 
98%. Untreated welds made on pre- 
viously hardened material have a 
joint efficiency of about 75%; but 
this can be increased to above 90% 
by rehardening after welding. Me- 
chanical properties of welds made 
by the metal-arc and __ inert-gas- 
shielded arc methods are similar. 
When it is unnecessary to have pre- 
cipitation-hardening weld metal in 
the joint, an electrode or filler rod 
of regular chromium-nickel analysis, 
such as Type 308, can be used to 
secure a more ductile weld. 

High strength cross-wire spot 
welds can be produced in 17-4 PH 
The highest joint strength is ob 
tained when the wire is hardene 
before welding and the joint is no! 
subsequently given a hardening treat- 
ment. 

Resistance to Galling or Seizing— 
When lubricants cannot be used, 3 
high surface finish will minimiz 
chances of galling.. Laboratory tests 
have indicated that when hardenec 
17-4 PH is in contact with solution 
treated 17-4 PH, this combination 
has much higher resistance to galling 
than does standard 18:8 stainless in 
contact with itself or with hardenable 
standard stainless steels. Galling re: 
sistance is lowered considerably when 
hardened 17-4 PH works agains 
hardened 17-4 PH, and when solu 
tion-treated 17-4 PH is in contac 
with solution-treated 17-4 PH. A 
large difference of hardness is als 
desirable when 17-4 PH is ‘used in 
sliding contact with some other steel 
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Northrop Aircraft workers cast a phenolic resin mix into the mold for a jig master for main landing gear door of a Scorpion F-89. 


New Casting Resin Used 


a 


for Low Cost Forming Tools 


Long lasting, accurate jigs and dies are 
rapidly and easily produced with this phe- 
nolic resin that has low viscosity and does 
not readily retain air bubbles as it solidifies. 
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@ DRILL AND ASSEMBLY jigs, stretch 
dies, form blocks and many similar 
production tools are now being made 
at an exceptionally low cost without 
a sacrifice of quality for the aircraft 
industry by means of an unusual 
phenolformaldehyde casting resin. 
This resin is produced as an A-stage 
phenolic liquid by Baker Oil Tools, 
Inc., Los Angeles. It is said to ex- 
ceed the tooling properties of other 
phenolic casting resins because it has 
been plasticized for extremely low 
viscosity and will not readily retain 
air bubbles as it solidifies. 

A catalyst or acid hardening agent 
is added to the resin for casting 
purposes, after which it can _ be 
poured into numerous types of in- 
expensive molds for solidification in 
a comparatively short period of time 
by low-temperature heating. Prop- 
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erties of the solidified casts are typi- 
fied by data in an accompanying 
table. 

Patterns for the tooling casts can 
be made in a conventional manner 
from wood, metal and plaster mate- 
rials. Shrinkage allowances are varia- 
ble to a certain extent, depending .on 
casting conditions which can be 
briefly summarized as follows: 

1. If no special fillers are incor- 
porated in the casting resin, and if 
a normal curing temperature of 170 F 
will be used to solidify the tooling 
casting, shrinkage will be 0.006 in. 

r in. 

2. If fillers such as asbestos are 
added to the casting resin (for pur- 
poses which will be discussed pres- 
ently), or if a curing temperature of 
140 F will be used to polymerize a 
tooling cast, shrinkage will be 0.003 
in. per in. 

3. Combinations of special fillers 
(such as asbestos and boric acid 
powders) and low curing tempera- 
tures, as noted above, can be used 
if mecessary to reduce shrinkage to 
about 0.001 in. per in. 

Incidentally, higher curing tem- 
peratures are preferred where shrink- 
age is not an important factor be- 
cause they reduce the time required 
to solidify a tooling cast. 


Molds for Casting Resin 


Molds for casting the Baker resin 
may comprise numerous materials, 





and they have been fabricated both 
with and without special tooling pat- 
terns in general conformity with the 
following considerations: 

1. Cast plaster molds—normally 
made where patterns are available; 
have the advantage of being most 
economical where the purpose of a 
mold is to duplicate less than a 
dozen casts. 

2. Wood molds—generally made 
where the shape of a cast is relatively 
simple, since wood materials can be 
rapidly assembled as molds in such 
circumstances without special pat- 
terns. 

3. Metal molds—can be cast or 
machine fabricated from numerous 
alloys; are desirable if numerous 
casts must be duplicated with maxi- 
mum y neta 4 accuracy. 

4. Flexible molds—comprising cast 
rubber latex or vinyl plastic elas- 
tomers; can be economically fabri- 
cated and used indefinetely if requi- 
site tooling casts are not too large, 
or if extreme dimensional accuracy 
is nonessential. 

Where open-faced molds were re- 
quired, two important difficulties 
have been encountered. First, if the 
back surface was inclined to be rough 
due to the meniscus at the mold 
edges, the casting resin had an un- 
desirable tendency to pile up at the 
point where it was poured. Secondly, 
relatively thin castings were inclined 
to be warped due to a concentration 
of shrinkage stresses in those por- 


Typical Properties of Phenolic Tooling Resin 
























































Resin with 
Resin with | 25% Walnut! Resin with 
| No Filler | Shell Flour | 8% Asbestos 
Mold Shrinkage, In. per In. | 0.006 | 0.006 | 0.0025 
Specific Gravity mi ae eee 
Specific Volume, Cu in. per Lb | 22.8 | 3.9 |. 220.8 
Tensile Strength (Y2-by 2-In. Sample), Psi | 7000 3600 | 3000 
Modulus of Elasticity in Flexure Fiber Stress of 1000 | | 
Psi in Psi x 105 Sh ie ce 
Compressive Strength, Psi | 
Yield Point 9000 | 8100 | (6500 
Ultimate 9600 | 8500 8000 
Flexural Strength, Psi 9600 4000 
Izod Impact Strength per In. of Notch (Ya-by ¥2-In. 
Notched Bar), Ft-Lb 0.18-0.36 | 0.18-0.36 | 0.22-0.30 
Rockwell Hardness (L Scale, 60 Kg, Y-in. Ball) | 95 60 
Thermal Expansion, In. X 1075 per In. per °C | 9.3 | 9.3 | 2.7 
Resistance to Continuous Heat, F 


160 160 160 
















tions of the materials which wer 
exposed to the atmosphere in curing 

The first of these difficulties ha, 
been eliminated in some circum. 
stances by machining a flat on each 
of the solidified plastic casts. The 
second difficulty is rarely encountered 
when the length of a casting is not 
more than three or four times its 
thickness. However, Northrop engi- 
neers feel that the best procedure js 
to avoid the possibility of discrepan. 
cies in either case by preparing 4 
mold cover. 

Each mold cover ordinarily com. 
prises two wood or p rr parts, 
The first part is placed on a mold 
shortly before the mold is fully 
loaded, after which casting resin is 

ured into the partly-covered cavity 
until the latter is slightly over-loaded, 
Then the second part of the mold 
cover is placed over the mold cavity, 
so as to squeeze out the excess cast- 
ing materials and to flatten the sur- 
faces adjacent to the cover as the 
tooling cast is cured. 

Closed molds with risers are used 
where casts of exceptional homoge- 
neity are required, if the mold di 
mensions are such that they can be 
centrifuged. On-center centrifugal ac- 
tion is, of course, required to expel 
air bubbles via the risers. 

Molds are cored for the primary 
purpose of conserving the casting 
resin, where such a procedure in- 
volves no sacrifice of tooling strength. 
For example, as shown in accompany- 
ing illustrations, molds for casting 
stretch dies are often cored so that 
the dies will have 4-in. wall sections. 

When tools of the latter type must 
have large dimensions, plastic cross 
members are necessary to support 
each die on 12-in. centers. Such 
cr»ss members are cast in the tool 
by means of a core with one side 
shaped approximately to the surface 
contour of the die. All edges or 
corners of the core are rounded to 
l/,-in. radii to prevent stress con- 
centrations in tooling casts, and the 
core is mounted on a backing sec- 
tion which can be firmly attached 
to a mold so that it will not float 
when a liquid is poured into the 
mold. 

Cores comprise the same materials 
as molds, except where globular or 
oversized chambers must be produced 
in tooling casts. Special wax or paraf 
fin cores are used in the latter cir 
cumstances, because they will melt 
and flow out a plastic cast when the 
latter solidifies. 

Molds and cores made with porous 
materials such as wood and plaster 
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compositions are seal-coated with 
lacquer, shellac or a similar medium 
rior to use. Then, before each cast 
is poured, the sealed cavity surfaces 
are coated with a parting agent— 
usually a wax emulsion or linseed 
oil. Nomporous metal or flexible 
molds require no seal coatings, but 
arting agents are often required 
to facilitate the removal of casts 
made therewith. 


Fillers Used 


Fillers such as asbestos powder, 
wood flour, etc., are incorporated in 
the casting resin to increase the bulk 
(and thus to reduce the cost) of the 
resin; also, to permit the casting of 
tools with special physical properties, 
such as better heat resistance. Then, 
with each ten parts of resin by 
weight, one part of catalyst is mixed. 
The catalyst is modified hydrochloric 
acid solution; and, like the filler, it 
is usually mixed with the casting 
resin by means of a mechanical 
agitator. 

The resin is usually poured as 
soon as the catalyst is thoroughly 
dispersed therein because the catalyst 
will eventually cause the liquid plas- 
tic to thicken or solidify, regardless 
of whether the casting mix is heated. 

Elevated temperatures are used to 
accelerate the action of the catalyst 
after a casting resin mix is poured 
into a mold by placing the loaded 
mold in a thermostatically controlled 
oven. Temperatures of the oven are 
varied as previously indicated, and 
the time required to cure a given 
tooling cast depends on the dimen- 
sions of a mold and its ability to 
conduct heat as well as the oven tem- 
perature im any given circumstance. 
However, if a maximum curing tem- 
perature of 170 F is used, small casts 
(weighing less than 10 lb) are or- 
dinarily solidified in less than 3 hr 
while large castings (weighing as 
many as 2000 Ib) will polymerize 
in 8 to 18 hr. 

_To eliminate the possibility of 
alter-shrinkage or thermal distortion, 
the molds and casts are allowed to 
cool to room temperature before they 
are separated. Then, if necessary, de- 
tails such as threaded holes and 
grooves are machined on the tooling 
casts—much the same as identical 
details would be machined on a hard 
grade of wood. 

Uhe tooling casts ordinarily have a 

it pink color, which is not ob- 

“uonable for most tooling purposes. 
Howevet, this has been varied in 
certain circumstances by adding pig- 
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ments such as lampblack to uncured 
casting materials or by coating the 
polymerized casts with standard lac- 
quers or enamels. 

Where casts have been made in 
closed or covered molds without cen- 
trifugal action, plastic surfaces ad- 
jacent to the uppermost part of the 
mold or mold cover have sometimes 
been pitted because air bubbles in 
the cast resin could not escape. This 
was not objectionable in many cir- 
cumstances, because the pits did not 
appreciably affect the overall prop- 
erties of the tooling casts. However, 
such discrepancies have been satis- 
factorily eliminated by brush coating 
the surfaces with freshly-catalyzed 
resin so that the latter could be 
solidified and permanently bonded 
to the tooling casts with heat from 
infra-red lights. 

In many circumstances, metal in- 
serts have been cast in plastic tools; 
for instance, where the latter were 
to be used as drill jigs. This involved 
no difficulties where the inserts had 
no sharp edges (which would tend 
to crack or chip solidified plastic 
materials), or where the inserts were 
organically finished prior to casting 
operations so that there would be no 
corrosion or undesirable chemical re- 
actions due to the use of acid ca- 
calysts. 

There is no practical limit to the 
life of a cast plastic’ tool if the mar- 
gin of safety observed in designing 
the tool is such that it will not be 
exposed to the conditions that will 
cause the plastics to» fail. For ex- 
ample, Douglas Aircraft Co. has re- 
portedly used unfilled phenolic form 
blocks (with 9600 psi ultimate com- 
pressive strength) to fabricate more 
than 10,000 sheet metal stampings, 
each, where forming pressures did 
not exceed 7000 psi per press opera- 
tion. 

The low cost of cast plastic tools 
is primarily due to the speed, ease 
and accuracy with which such tools 
can be made. For instance, cost sta- 
tistics from the Northrop Aircraft 
plant reveal that each pound of hard- 
wood (worth about 50¢) requires 
an expenditure of at least $2.00 to 


convert the wood into the base for 
a drill and trim fixture, whereas a 
pound of phenolic casting resin 
(costing 75¢) can serve the same 
purpose at a total fabricational cost 
of less than $1.00. 
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A finished plastics stretch die and han- 
dling cradle for a fuselage section. 





Phenolic saw fixture used at Northrop in 
fairing skin. Fixture is rotatable so that 
each part can be trimmed on three sides. 





A female pattern (top) and the male 

hydropress form blocks made with the 

new phenolic casting resin at Consolidated 
Vultee Aircraft Corp. 


A cast plastics contour master developed by North American Aviation, Inc. 
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New materials in their intended uses. . . 


a | W 0 [ k Older, basic materials in new applications... 








DIE CAST CARBURETOR BODY It is one of the virtues of the 


die casting process that extreme complexity of shape can be achieved 
when desired—to make one part serve in place of two or more, or 
to eliminate machining operations. Although designers strive for 
simplicity, it is often true that complexity can be an asset if over-all 
production economies can be effected. Such is the case in the design 
of the zinc die cast carburetor body. The carburetor body is one of 
several zinc die castings used in assembling the various engines pro- 
duced by the Clinton Machine Co. 

Holes and recesses are cored in five directions in die casting the 
carburetor body, and one of the holes (see arrow) is obtained with 
a coarse helical thread on its inner walls. Such a thread, having 
several starts, probably could be produced commercially in no other 
way, unless cut by a very special broach costing much more than the 
rotating core used in the die casting operation. 

All of the holes and recesses not parallel to the motion of the die 
are produced with movable cores, of course, to permit ejection of the 
carburetor casting from the die. Such cores add to die cost and slow 
the casting operation, but are completely justified by the over-all 
production economies achieved. To obtain all of the holes and re- 
cesses by any other method of production would require a built-up 
assembly of several parts, or would involve excessive machining. 
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GLASS-REINFORCED PLASTIC SEAT 
Smith and Stone Ltd., of Toronto, Can- 
ada, is mow manufacturing a_ glass 
reinforced plastic seat for the pilots 
and co-pilots of a new De Havilland 
airplane. The seats are designed to 
provide riding comfort and safety in 
the event of an accident. In tests, a 
lap belt load of 1440 lb, and a back 
pull through the shoulder harness of 
900 Ib, were applied simultaneously. 
The plastic seats can also be produced 
in one-half the time it took to fabricate 
aluminum. The edges are rolled to 
prevent snagging equipment in use. 
The seats are secured in the plane on 
all-magnesium castings that lock into 
the floor. 


<_§___—_ 


NYLON LAMP HOUSING A translu- 


cent molded nylon tube, which forms 
a shatter-resistant lamp housing for the 
1952 G-E automatic clothes washer, 1s 
being molded by the General Electric 
Chemical Div. Mounted under the top, 
the lamp illuminates the interior of the 
machine and aids in handling clothes. 
The housing has an exceptionally long 
draw, measuring 6 in. in length. It ts 
1% im. in dia, and has a wall thick- 
ness of 0.040 in. In aluating ma- 


terials for this application, glass was 


ruled out because of the breakage prob- 
lem. Nylon has the necessary tough- 
ness, and being translucent, diffuses the 
light to an even glow. Although the 
15-watt bulb inside the housing gen- 
erates heat up to 250 F, nylon resists 
these high temperatures. It also holds 
up under the moisture conditions of 
the application. 





Materials at Work 


PLASTIC DOOR LINER he largest practical molded 


thermoplastic product now being made is a one-piece re- 
frigerator door liner. The piece, complete with molded-in 
shelves, butter compartment and egg racks, weighs 71/, 
Ib and has a projected area of 1240 sq in. The door is 
molded from Dow styrene copolymer for the Admiral 
Corp. It is the first production piece on the 300-o0z 
Watson-Stillman injection molding machine. There are 




































a number of advantages to the molded liner. It saves steel, 
titanium, cobalt and other materials necessary in porcelain 
enameled steel. It has greater acid resistance. The overall 
weight is reduced and better insulating qualities are se- 
cured with the plastic liner. Economies are realized in 
assembly, since shelves and accessory parts that were for- 
merly assembled are now molded in. Amos Molded Plas- 
tics is producing the piece. 


RIGIDIZED METAL ELECTRONIC CASES § — Auto pilot 


equipment used for military operations requires maximum 
protection from impact, pressure, shock and other dam- 
age. The problem facing metal fabricators of electronic 
cases for this special equipment was to find a material that 
would: (1) have high strength to imsuse complete pro- 
tection for delicate contents; (2) have lightest weight for 
operating and transporting ease, as well as for conserv- 
ing critical metals; (3) be fabricated without difficulty 
Rigidized Metal, made by the Rigidized Metals Corp., has 
the desired qualities. It has increased strength-weight 
ratios, thus giving more lineal or square feet per pound 
of metal. Increased flexural rigidity adds high impact 
resistance to all outer surfaces. In the pattern used, meta! 
thickness was reduced approximately 50%. This meant 
that less critical metal was needed. Fabrication was con 
ducted without the use of special methods. The sharp coi 
ners of the cases were fabricated as easily with Rigidize 
Metal as with standard metals. 
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QUCTILE IRON FURNACE DOORS = An example of the improved service 
provided by ductile iron is illustrated by these two doors for steel forging 
furnaces used at the General Electric Co.’s River Works, West Lynn, Mass. 
These furnaces operate at interior temperatures as high as 1950 F, and as 
a result, the gray cast iron formerly used deteriorated quite rapidly from 
growth, warpage and scaling. A typical gray iron door is illustrated, 
obviously requiring replacement after one week's service. By contrast, the 
ductile iron door is shown after three months operation, and is good for 
considerably more. The average life of ductile iron doors is considered 
by General Electric to be around 300 days. The Thomson Laboratory of 
General Electric conceived the idea of using ductile iron for this applica- 
tion. The castings are produced by Taylor & Fenn Co., Hartford, Conn., 
licensed under the International Nickel Co., Inc. patents to produce the 
magnesium-containing material. 


INCONEL “‘X” BRAKE SPRINGS = When a 150-ton bomber lands at 


110 miles per hr, the temperature in the wheel brakes goes above 1000 F. 
The Segmented Rotor Brake, made by Bendix Products, uses linked seg- 
ments of metal which revolve between stationary brake disks. The heat 
flows away in channels between the turning, segmented disks. The return 
springs, which force the brake apart when pressure is released, are located 
in the hot parts of the assembly. Bendix engineers decided that Inconel 
“X” was the only material that could be used in these springs. The par- 
ticular wheel and brake shown are used on airliners now in commercial 
passenger service. 
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Gray Cast Iron 





Ductile Iron 


BRASS HIGH FREQUENCY CONNECTORS 


High and ultra-high radio frequencies make 
it necessary to match the impedance of the 
solderless connectors, terminals and plugs 
to the coaxial cable used. Materials must 
be used which will not change physically or 
electrically with time. For these reasons, 
and because of their fabricating ease, copper 
and copper-base alloys are used. Bending 
a coaxial cable stretches the insulation and 
changes the electrical characteristics, for 
example. Precision right-angle, T and 
straight connectors are turned concentrically 
in screw machines from free machining 
brass. Center conductors are made of phos- 
phor bronze or beryllium copper because 
of their spring properties and fatigue re- 
sistance. Since high frequency currents 
travel on the outside of the conductor, the 
lower conductivity of alloyed copper com- 
pared to the copper itself is offset by silver 
plating all parts. This plate not only in- 
creased electrical conductivity but, due to its 
close bond with the brass, withstands a 
100-hr salt-spray test. The parts shown 
were made by the Industrial Products Co. 
of Danbury, Conn., from copper-base alloys 
furnished by the Bridgeport Brass Co. 
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How to Choose Spring Materials 


Hard drawn steel 
wire is used for the 
zero adjustment in 
this Chatillon scale. 


by M. GERARD FANGEMANN, Manager, Spring Div., John Chatillon & Sons 
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This concluding portion of 
a two-part article e,. 
plains how the cost and 
performance of a spring 
depends on the materia] 
used and how each ma. 
terial meets particular 
stress, accuracy, corrosion 
resistant and shock resist. 
ant requirements. 


@ THE SELECTION OF a spring for 
any application would be simple if 
there were always sufficient space 
available and if cost were not a fac. 
tor. Unfortunately, such conditions 
do not usually exist. The engineer 
must choose the cheapest spring that 
will do the job, and he must fit it into 
the smallest possible space. Corro- 
sive environments and accuracy re- 
quirements must often be considered 
too. The article appearing previously 
(Jan. 1952) described the types of 
springs that are available, and point 
ed out the important factors to be 
considered in good design. This con- 
cluding article covers in detail the 
choice of material for any given 
spring application. 

Spring materials are divided into 
three groups: (1) ferrous; (2) non- 
ferrous; (3) special alloys. Under 
these headings there are 12 import- 
ant alloys which can be used satis- 
factorily for practically all spring ap- 
plications. There are, of course, other 
alloys that are used for a few special- 
ized applications. The engineer 
should study carefully the properties 
of the 12 most widely used alloys, 
however, before specifying the ma- 
terial for any spring. 


Ferrous Metals 


Steel is the most common spring 
material. It is used in compositions 
varying from high carbon music wire 
to low carbon, hard-drawn spring 
steel, and is available in wire, strip 
and special shapes. Steel is usually 
the best bet unless: (1) the spring 
must operate under unusual tempera- 
ture or corrosive conditions; (2) 
good electrical conductivity or fre 
dom from magnetic effects are r¢ 
quired; (3) drift and hysteresis « 
rors must be kept small. Under thes 
special conditions, nonferrous 0 
special alloys should be considered. 

Hard-drawn steel—The cheapest 
steel spring material and the on 
with the lowest strength is hard 
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iawn steel wire. It is made in the 
sme Way aS music wire, but less 
wre is taken im processing it and in 
maintaining uniform chemical com- 
psition. Cold working gives the 
wire all its spring properties. Al- 
though the modulus of elasticity and 
the modulus of rigidity are the same 
as those of music wire, the elastic 
limit is considerably less. Hard- 
drawn wire is recommended for coil 
springs where accuracy is not im- 
portant and the maximum stresses 
are low. The zero adjustment me- 
chanism in a scale is a typical appli- 
cation. No great accuracy is needed 
here, and since sufficient space for 
the spring is available, the stresses 
can be made low. The hard-drawn 
steel spring does the job in the scale 
for the lowest possible price. 

Oil-tempered steel—The spring 
material used for most ordinary ap- 
plications is oil-tempered carbon steel. 
This is a high strength steel of uni- 
form composition and temper. It is 
cold drawn to the desired size and 
then heat treated by a continuous 
tempering method. Springs are coiled 
and formed from this hardened ma- 
terial. A low temperature stress_re- 
lief is all that is required after pro- 
cessing. This final heat treatment 
(1 hr at 450 to 650 F) relieves the 
stresses set up in coiling and hook- 
ing. Oil-tempered steel is moderately 
priced and is an excellent material 
for springs without severe bends, 
where endurance requirements are 
not drastic. Springs for precision in- 
struments in which temperature 
changes are not important are typical 
applications. Illustrated is a precision 
weighing scale with oil-tempered 
steel springs. These springs must be 
capable of withstanding high stresses 
and shock loads. 


Music Wire—Small springs sub- 


s jected to extremely high stresses and 


sudden shocks are often made of 
music wire. This is a high carbon 
cold-drawn spring steel. The surface 
inish is excellent, since a thin coat- 
ing of tin remains from the drawing 
operations. Consequently, it can be 
plated easily without the usual clean- 


| ‘ng operations. Music wire is rela- 


tively expensive, however, and _ is 


@ only used where the loading and 
® ‘atigue conditions warrant it. The 


m fy) 


music wire spring on the outside of 


@ the scale cylinder shown acts as a 


shock absorber when the load is sud- 
den! released from the scale. The 
internal spring, on the other hand, 
iS oil-tempered steel, which fulfills 


the weighing requirements. The elec- 
trical switch illustrated required ex- 
tremely accurate springs operating at 
very high stresses. There was not 
enough room to use a cheaper ma- 
terial so that it was necessary to em- 
ploy high tensile strength music wire, 
carefully plated, to produce satisfac- 
tory springs. 

Chromium Vanadium  Steel— 
Springs that are required to with- 
stand a large number of stress cycles 
are often made of chromium vana- 
dium steel. This is a medium carbon 
steel with chromium and vanadium 
added to increase the hardness and 
tensile strength. Chromium vanadium 
steel is used mainly for valve springs 
and other heavy duty springs. The 
springs must be free from surface 
marks and seams, and must have 
uniform internal structure. The steel 
is usually supplied in the annealed 
state for large capacity springs, and 
in the hardened condition for small 
wire size springs. When severe bends 
are required, however, springs are 
usually formed from annealed stock 
and hardened afterwards. This in- 
creases the price, of course, and every 
effort should be made to maintain 
ithe proper radii on hooks and ends 
te eliminate extreme stresses. 

Stainless Steel—The most com- 
monly used stainless steel is type 
302, hard-drawn. This material is 
used where corrosion resistance is 
required. Although the cost of stain- 
less is high, stainless steel springs 
are not necessarily more expensive 
than springs made of plated music 
wire. Besides being corrosion resis- 
tant, stainless steel springs are able 
to withstand elevated temperatures 
without losing their elasticity. Good 
appearance is another advantage, 
since the bright finish imparted to 
stainless in the drawing operations 
is retained after the post-forming 
stress releaving treatment. This stress 
relief consists of heating to about 
750 F for 14 hr. Cadmium or lead 
coatings on stainless steel wire should 
be removed prior to this stress relief. 

Clock Spring Steel—For applica- 
tions requiring high strength and 
only moderate forming, blue-tem- 
pered clock spring steel is used. This 
is a high carbon steel, obtained in 
the hardened condition. A low tem- 
perature stress relief is all that is 
required after the springs are formed. 
The tendency today is to use this 
material in place of annealed spring 
steel to eliminate costly heat treating 
operations which usually require 


Precision weighing scale is a typical ap- 

plication of oil-tempered steel springs. 

Temperature changes are not important 
here. 





Music wire spring on the outside of this 
scale acts as a shock absorber. The in- 
ternal weighing spring is made of oil 


tempered spring steel. 


113 














ee 


<a 


—$ LC 








special jigs and fixtures. It is ideally 
suited to motor springs and small 
stampings that do not have small 
radii. The surface is exceptionally 
smooth, and the material will with- 


stand high stresses over a large 
number of cycles. 


Nonferrous Metals 


Since steel in any form is un- 


suitable for many spring application; 
some nonferrous spring alloys hay. 
been developed. These nonferroy; 


alloys are used 


primarily for their 


electrical conductivity, nonmagnetic 
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0.156 255,000 285,000 





Properties of 
Oil-Tempered Chromium-Vanadium Type 302 
Hard-Drawn Steel Spring Steel Music Wire Spring Steel Stainless Stee! 
Modulus of Elas- 
ticity (Young's 
Modulus}— 
Tension, Psi 30 x 106 30 x 10 30 x 106 29 x 108 28 x 108 
Modulus of Rigid- 
ity—Torsion, Psi 11.5 x 10 11.5 x 10 12 x 108 11.2 x 10 10 x 106 
Rockwell Hardness Depends on cold 
reduction of area C-40 to C-48 C-45 C-45 C-42 to C-47 
Composition, % Carbon 0.45-0.75 | Carbon 0.55-0.75 | Carbon 0.70-1.0 Carbon 0.56-0.60 | Carbon 0.08-0,20 
Manganese 0.60-1.20 | Manganese 0.80-1.2 Manganese 0.20-0.60 | Manganese 0.60-0.90 | Chromium 17-19 
Silicon 0.10-0.50 | Silicon 0.10-0.30 | Silicon 0.12-0.30 | Phosphorus 0.045 max | Nickel 8-10 
Phosphorus 0.045 max | Phosphorus 0.045 max | Phosphorus 0.03 max | Sulfur 0.045 max 
| Sulfur 0.050 max | Sulfur 0.050 max | Sulfur 0.03 max | Chromium 0.80-1.10 
| Vanadium 0.15 min 
} — —— 
Elastic Limit in Ten- | | ; | - 
sion 60% of ten str 85% of ten str | 60% of ten str 90% of ten str 70% of ten str 
Elastic Limit in Tor- | | ; ee 
sion 45% of ten str 45% of ten str 45% of ten str | 70% of ten str 50% of ten str 
Tensile Strength, | Dia Dia Dia Dia Dia 
Psi (In.) Min Max (In.) Min Max (In.) Min Max (In.) Min Max (In.) Min Max 
0.028 260,000 310,000 | 0.032 275,000 310,000 | 0.028 314,000 376,000 | 0.032 280,000 300,000 | 0.028 289,000 316,00 
0.105 200,000 242,000 | 0.105 220,000 255,000 | 0.072 300,000 330,000 | 0.105 250,000 275,000 | 0.072 250,000 280,000 
0.177 180,000 220,000 | 0.172 195,000 225,000 | 0.120 268,000 298,000 | 0.207 215,000 235,000 | 0.156 220,000 250,000 
0.312 160,000 200,000 | 0.312 178,000 208,000 0.250 180,000 205,000 





0.312 200,000 220,000 





0.00014/° F 


0.00014/° F 


0.00014/° F 


0.00022/° F 





—146 x 10°*/° F 








Internal stress relief, 


| Internal stress relief, 


Internal stress relief, 
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Internal stress relief, 






























































| 500 F | 500 F 470 F 600 F 
| | | 
| 
Density 0.284 Ib/cu in. | 0.284 Ib/cu in. 0.284 lb/cu in. | 0.284 lb/cu in. 0.290 Ib/cu in. 
Electrical Resistiv- 
i oe, Se Pre llmicroohm-cm | ...... 72 microhm-cm 
Electrical Conduc- 
tivity (Copper ie = 
ll a | 12.3% 2.4% 
Coefficient of | 
Thermal Expan- 
cS igh es or ei Pere oe |  0,0000064/° F 0.0000064/° F 0.0000096/° F 
Uses | Cushion and bed | Weighingscales. Usual | Switches, tools and | Valve, recoil, die and | Valve springs (non- 
| springs, wire forms | normal stress applica- | mechanical adjustment railroad car springs. | cyclic) and chemical 
and toy springs. Low | tions. | systems. Most com- | For applications to | flowmeters. Most ap- 
| stress eiplicadions. | mercial applications. | withstand impact and | plications where cor- 
shock. rosion resistance is ré- 
| quired. 
| 
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properties and special corrosion re- _— tions at normal temperatures where plated. 














































































































Ons, sistance. electrical conductivity is important. Phosphor Bronze — Like brass, 
are Brass—One of the most commonly = Spring brass wire gets its hardness — bronze obtains its hardness | 
rOUs used materials is one brass. Brass _—_ by cold drawing. It thas fairly good y cold working through the dies. 
? " is satisfactory for low stress applica- corrosion resistance and is readily Its principal use is also for applica- 7 
IC " 
ring Materials ) 
$ of Spring 
‘Ss | 
Clock Spring Steels Phosphor Bronze-A Spring Brass Beryllium Copper Iso-Elastic Inconel Inconel-X : 
| ] 
30 x 106 15x 10 15 x 106 | 16 x 108 | 26 x 108 31 x 108 31 x 108 
—_—_—_ | j 
eo 6.25 x 106 5.5 x 108 6.7 x 106 | 9.2 x 106 11 x 106 11 x 106 | 
C-46 to C-52 B-90 to B-100 B-90 C-35 toC-42 | C-30 to C-36 C-30 to C-40 C-30 to C-40 | 
= Carbon 0.90-1.05 | Tin 3.5-3.8 Copper 64-72 Copper 98 | Chromium 8 | Nickel 78.5 | Nickel 70 min 1 
20 Manganese 0.30-0.50 | Phosphorus 0.03-0.35 | Zinc Rem Beryllium 2 | Nickel 36 | Chromium 14 | Chromium 14-16 i 
Lead 0.05 max | Molybdenum 0.5| Copper 0.2 | Iron 5-9 
Iron 0.10 max | Iron Rem} Iron 6.5 | Titanium 2.25-2.75 ! 
| Zine 0.30 max | | Columbium 0.7-1.2 i" 
| Antimony 0.01 max | | Others Rem 
Copper Rem | 
80% of ten str 75% of ten str 40% of ten str 75% of ten str | 60% of ten str | 75% of ten str 75% of ten str 
VS | 55% of ten str | 35% of ten str | 50% of tenstr | 35% of ten str 45% of ten str 45% of ten str 
= | | | | 
| | 
x | } 
_— 250,000-325,000 100,000-150,000 100,000-130,000 | 160,000-—200,000 170,000 | 140,000-175,000 140,000-175,000 : 
- Used in strip form (average) (average) | 
a | | | | | 
Oo ae | | | 
| 
a Tp Se Beer pepe | eeeees | 
im : et <: : 
| | | | | | 
| 
| —200x10%to | -11x10%to | | 
Seinkotava —220 x 10°6/° F —216 x 10°6/° F | —194x10°6/°F| —8 x10°*/°F | ss tials | er 
“ Internal stress relief, | Internal stress relief, Internal stress Depends on Internal stress Internal stress | Internal stress relief, 
500 F 500 F relief, 500 F conductivity relief, 750 F relief, 900 F | usually 900 F 
characteristics | 
desired 
a . oe 0.320 Ib/cu in. 0.309 Ib/eun in. | 0.297 Ib/cuin. | 0.292 Ib/cu in. 0.307 Ib/cu in. | 0.307 Ib/cu in. 
-  § Seeeaiee 9.58 microhm-cm 6.6 microhm-cm | 8.31 microhm-in.| 88 microhm-in. | _........ 124 microhm-cm 
tm - = 18% | 26% 22% | oie tapas WAR ne te 
7 vheewe 0.0000099/° F 0.0000112/° F 0.0000092/° F 0.000004/° F 0.0000064/° F 0.0000064/° F 
Wee 
i Motor and clock | Switches, contacts, | Switches and | Brush springs, | Te mperature | Marine and air- | Jet engine aertngs. 
gs. High stress | relays and valves. | contacts. Elec- | switches and | compensated | craft engines. | Extremely high tem- 
plications. Electrical applica- | trical applica- | fuse clips. Elec- | scales, aircraft | High oe | perature applications. 
tions. tions below 120 | trical applica- | instruments and | ture applica- | 
| tions. instruments | tions. 
where electrical 
: | | conductivity is | 
| | | | not important. 
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Atlas Car & Manufacturing Co. weighing 
mechanism uses chromium-vanadium steel 
springs. These springs are subject to high 


stresses and shock. 





Music wire is used for the spring in this 
switch made by the Roanwell Corp. 
Stresses are high and the spring with- 


stands constant cycling. 


tions requiring good conductivity and 
corrosion resistance. It should not be 
used at temperatures above 120 F 
or in salt atmospheres. 

Beryllium Copper—An alloy 
which has come into wide use is 
beryllium copper. This material has 
good corrosion resistance, is non- 
sparking and nonmagnetic, has ex- 
cellent electrical conductivity, and 
shows high strength and exceptional- 
ly good fatigue life. The disadvantage 
to its use is the critical and time- 
consuming heat treatment it requires. 
For certain applications, however, 
there is no substitute for beryllium 
copper. 

By changing the heat treatment, 
the properties of beryllium copper 
can be varied considerably. The ten- 
sile strength increases with prolonged 
heat treatment at low temperatures. 
For example, the tensile strength 
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after 3 hr at 700 F is 130,000 psi, 
while the same alloy, after 3 hr at 
550 F, has a tensile strength of 
180,000 psi. The electrical conduc- 
tivity, on the other hand, increases 
with prolonged treatment at high 
temperatures. Beryllium copper is 
stable at normal temperatures, and 
is suitable for instrument spring ap- 
plications. 


Special Alloys 


In some applications, neither the 
steel nor the copper alloy spring 
materials are suitable. Extreme ac- 
curacy requirements or special tem- 

rature or corrosive conditions can 
often be handled only with special 
high nickel alloys. 

Iso Elastic—A_nickel-chromium 
alloy that is rapidly becoming popu- 
lar is Iso Elastic. The 36 nickel, 
8% chromium composition offers 
good corrosion resistance. At the 
same time, the alloy has a low tem- 
perature coefficient of the modulus 
of elasticity, which makes it suitable 
for applications where spring per- 
formance cannot vary significantly 
with the temperature. It is used in 
precision instruments, for example. 
The drift error is less than 0.02% 
of deflection, and the hysteresis error 
is less than 0.01% of deflection. Iso 
Elastic is not heat treatable, and re- 


ceives most of its spring Propettieg 
by cold reduction. The material ; 
usually reduced by 9314% in ary 
It is coiled and formed in the hard. 
ened condition. A low temperature 
stress relief treatment is reqy;j 
after forming. This is usually carrie): 
out at 750 F for 4 hr. 

A typical use of this alloy jg jy 
temperature compensated spring, 
The Bendix accelerometer is use 
throughout the usual aircraft tem. 
perature range, —65 to 150 F. Th 
spring maintains uniformity in load. 
ing characteristics, and has very small 
hysteresis and drift errors. 

Inconel—Containing 77 nickel and 
15% chromium, Inconel is a high 
strength alloy that is applicable fo; 
high temperature uses. The high 
nickel content gives it excellent cor. 
rosion resistance over wide range; 
of alkalinity and acidity. Inconel can 
be used up to 700 F. Its greatest 
strength is between 500 and 700 F 
but it can also be used at lower 
temperatures. A 1-hr heat treatment 
at 900 F is used to stress relieve 
springs. 

Inconel X—An alloy similar to 
Inconel is Inconel X. It can be used 
for springs operating at even higher 
temperatures, up to 1200 F. Inconel 
X springs are advantageous in jet 
applications where such extreme tem- 
peratures are common. 


Bendix Accelerometer is a typical application of temperature compensated springs (Iso 


Elastic). These springs have low hysteresis and drift errors. They maintain constant spring 


properties between —67 and 150 F. 
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Titanium and its Alloys 


MATERIALS & METHODS 
MANUAL No. 82 


This is another in a series of com- 
prehensive articles on engineering ma- 
terials and their processing. Each is 
complete in itself. These special sec- 
tions provide the reader with useful 
lata on characteristics of materials or 
abricated parts and on their process- 

g and applications. 
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by John L. Everhart, Associate Editor, Materials & Methods 


The distinctive characteristics of titanium are becoming more 
fully understood and, as a result, suitable working proce- 
dures are being developed more rapidly. Although a num- 
ber of problems remain unsolved, several organizations are 
now fabricating titanium and some of its alloys commer- 
cially. This Manual discusses the present status of this rap- 
idly changing field. Topics included are: 


Engineering Properties Cleaning and Finishing 
Forming and Machining Heat Treatment 
Characteristics Present and Future Uses 


Weldability 














In the first burst of enthusiasm 
accompanying the announcement of 
its properties, titanium was called 
“the wonder metal’ and billed as 
the successor to aluminum and the 


stainless steels. Sober _ reflection, 
however, indicates the over-enthus- 
iasm of such claims. Titanium will 
find its place as a useful member 
of the metal community when its 
characteristics and properties are 
more fully evaluated. It will replace 
aluminum in some applications and 
stainless steels in others but there 
will still be plenty of uses for both 
of these materials. In this connec- 
tion, the following remarks which 
express the general opinion of the 
copper industry should assist in gain- 
ing the proper perspective. 

Copper has been in competition 
with other materials since the dawn 
of history. Each time a newer metal 
appears, copper is threatened. Twice 
in the present century, copper alloys 
have gone to war, almost completely 
abandoning the civilian market. Sub- 
stitutes took their place and claims 
were made that copper had been 
permanently replaced but, when the 
wars ended, the copper alloys re- 
gained their normal markets without 
difficulty. The future of copper will 
depend not on other metals but on 
its availability. 

Certainly the future of titanium 


will depend, not on other metals, 
but on the ability of the producers 
to overcome the handicaps of batch 
operation leading to non-uniform 
composition, to produce shapes of 
uniform quality, and to develop suit- 
able fabricating methods at prices 
which will make the metal truly com- 
petitive with other constructional ma- 
terials in a civilian economy. Prices 
will have to be much lower than the 
present figures if titanium is to real- 
ize its full potentialities. 

Production of titanium had reached 
an estimated 700 toms per year in 
1951. This is a scinechsible achieve- 
ment when it is considered that the 
Bureau of Mines pilot plant was an- 
nounced in 1946 and commercial pro- 
duction started in 1948 with a plant 
having a rated capacity of 100 Ib 
per day, but it is a far cry from the 
normal production rates of the metals 
with which titanium will be in com- 
petition. As a matter of fact, the 
yearly production of metallic cad- 
mium is about 4000 tons and this 
is hardly a major metal. It is doubt- 
ful whether 1000 tons of titanium 
have been produced since the begin- 
ning of commercial operation, and 
because of this fact, the available 
metal has been spread rather thinly 
over research and industrial fields. 

Information on such factors as 
forming properties, machinability and 


Commercial Grades and Alloys 





Surface conditioning a titanium alloy bil- 
let at the Watervliet plant of Allegheny- 
Ludium for the Titanium Metals Corp. 
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Commercial titanium is produced 


| at present by the Kroll process or its 


modifications. Iodide titanium is pro- 
duced on a small scale but has no 
present commercial significance. Sev- 
eral other procedures, notably elec- 
trolytic methods, are still in the de- 
velopment stage. 

The titanium obtained by the Kroll 
process is in the form of sponge and 
must be melted or compacted by 
some other means to obtain a massive 
product for further working. Cur- 
rently, arc and induction melting pro- 
cedures are employed commercially. 
A combination of hot and cold 
working methods is employed to pro- 
duce the desired shape after melting. 
Commercial titanium is produced as 
plate, sheet, strip, rod, forgings, 
drawn tubing, wire and _ special 


joining of titanium is quite limite, 
and many contradictory statemens, 
have been made. Alloy developmen; 
can be said to be in the very ery 
stages of the art. Many alloys have 
been studied, more or less thoy. 
oughly, and a number are available 
on a commercial basis. Information 
on certain of the more common prop. 
erties has been published but ver 
little has been reported on their fab. 
ricating characteristics. This is no 
surprising in the present state of al. 
loy development. One manufacture; 
stated that he would not spend the 
money necessary to learn to work 
titanium alloy sheet until he was sat. 
isfied that composition could be held 
within commercial limits and sheet 
quality could be maintained. 

Since the development of suitable 
fabricating techniques is the result 
of considerable experience with a 
material, it will probably be some 
time before procedures are more or 
less standardized. Thus, methods rec. 
ommended today are certain to be 
modified or abandoned in the future 
in favor of more suitable procedures 
The information given in the follow- 
ing pages will assist the materials 
engineer in avoiding some of the pit- 
falls in the working of titanium but 
should be considered as a report of 
developmental rather than production 
line methods. 


shapes. The titanium cladding of 
low-carbon steel has been reported 
also. Because of the reactivity of the 
metal with gases and mold materials 
at elevated temperatures, suitable 
methods for the production of com- 
mercial castings have not been de- 
vised although developmental work 
is proceeding in a number of organt- 
zations. 

Recently, the Interstate Commerce 
Commission has issued schedules for 
the shipment of titanium by railroad 
freight while the release of sched- 
ules for truck shipments is expected 
shortly. Until this development « 
curred, titanium shipments had to be 
made by mail or express, a suitable 
method for small lots but hardly 
attractive as a commercial procedure. 

Several grades of commercial tt 
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tanium are currently in production, 
their properties varying with the pur- 
ity of the material, especially with 
the nitrogen, oxygen and carbon con- 
rents. Of these three elements, nitro- 
gen has the greatest effect on the 
properties and carbon the least. So- 
ciety, Governmental and private spec- 
fications are being prepared for 
these materials. 

The ASTM has in preparation 
three tentative standards for titanium. 
One deals with iodide titanium as 
deposited and covers the minimum 
titanium content and the maximum 
content of certain other elements. It 
includes hardness requirements also. 


A second covers massive titanium in 
ingot form, specifying the minimum 
titanium content, the maximum con- 
tent of certain impurities and the 
maximum hardness of each of four 
grades. The third covers the same 
four grades of titanium in the form 
of annealed mill products and in- 
cludes, in addition to the chemical 
specifications, permissible ranges of 
mechanical | gong for each grade. 
These standards are still being con- 
sidered by the committee charged 
with their development, but it is 
expected that they will be issued in 
tentative form later this year. 

The Aeronautical Material Speci- 


Commercial Forms Available 


fications Div. of the SAE has almost 
completed a specification which will 
cover a commercially pure grade of 
annealed titanium sheet having a 
minimum tensile strength of 80,000 
si. 
Although a great many alloy com- 
binations have been investigated in 
the laboratory, only a few are avail- 
able commercially at present. These 
may be divided roughly into two 
groups: 

1. Those developed primarily for 
applications in flat form include Ti- 
100A, Ti-150B, RC-130A, MST 2.5 
Fe-2.5V, and MST 2 Al-2 Fe. 

2. Those developed as forging al- 
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| | | Forging Welded 
Designation Sheet | Strip Plate | Wire Bars Rod | Billets Forgings Tubing 
Commercial Titanium a/ \ \ \ \ \ ‘\ \ \ 
Titanium Alloys* 
MST 2 Al-2 Fe \ \ \ \ \ 
RC-130 B \ \ \ 
MST 3 Al-5 Cr \ \ \ 
Ti-150 A \ \ \ 
Ti-I75 A \ \ \ 
Ti-150 B \ \ \ 
Mst 2.5 Fe-2.5 V a/ \ \ \ \ 
RC-130 A . 
m position table. 
Composition of Commercial Titanium and Titanium Alloys 
Nominal Composition, % 
Designation Producer Cc Oo N Al | Cr Fe Mn/| V | Mo Ww 
Commercial Titanium | 
Ti-55 A Titanium Metals | 0.02 max | Trace! 0.02 ORG Ton | oc | ss.) Oe eee 
Ti-75 A | Titanium Metals | 0.02 max | Trace | 0.02 * og be 0.02 max 
RC-55 | Rem-Cru 0.2 max (a) (a) (a) 
MST Grade Il | Mallory-Sharon | 0.25 max a ~ ek ae 
RC-70 | Rem-Cru 0.2 max (a (a (a) 
MST Grade IV Mallory-Sharon | 0.3-0.8 4 aa) ree Oe 
Ti- 100A | Titanium Metals | 0.02 max | Trace | Trace 0.1 0.02 max 
Titanium Alloys 
Aluminum-lron Alloy MST 2 Al-2 Fe Mallory-Sharon | 0.5 2 2 
Aluminum-Manganese Alloy RC-130 B | Rem-Cru 0.2 max a (a 4 a 4 
Chromium-Aluminum Alloy MST 3 Al-5 Cr Mallory-Sharon | 0.5 3 5 
Chromium-lron Alloys | 
Ti-150 A Titanium Metals | 0.02 0.25 | 0.02 ie 0.02 max 
Ti-175-A | Titanium Metals | 0.02 0.5 | 0.04 a. ee & | 0.02 max 
Chromium-lron-Molybdenum Alloy Ti-150 B Titanium Metals | 0.02 max | Trace! 0.02 5 5 5 | 0.02 max 
lron-Vanadium Alloy MST 2.5 Fe-2.5 V | Mallory-Sharon | 0.5 Bos } es Feud 
Manganese Alloy RC-130 A Rem-Cru 0.2 max (a) a a 7 
0) Few hundredths to few tenths. 
NOTE: The Mallory-Sharon Titanium Corp. has changed the designations of its alloys as follows: Old New 
L 2851 MST Grade ill 
L 2749 MST Grade IV 
L 2748 MST 3 Al-5 Cr 
L 2841 MST 2.5 Fe-2.5 V 
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loys including Ti-150A, Ti-175A, 
RC-130B and MST 3 Al-5 Cr. 
These alloys contain combinations 
of chromium, iron, aluminum, vana- 
dium, molybdenum and manganese. 
Elements such as iron, chromium, 
vanadium, molybdenum and manga- 
nese tend to stabilize the high tem- 
perature modification (the beta 
phase) of titanium and to sagen 
aHoys which are hardenable by heat 
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Engineering Properties 


Some of the physical and mechani 
cal properties of the various grades 
of commercial titanium are given in 
the accompanying tables and graphs. 
The melting point of the metal ts 
higher than those of any of the 
metals that are used at present as 
constructional materials while the 
density is intermediate between those 
of aluminum and the stainless steels. 
The electrical resistivities of titanium 
and the stainless steels are similar. 
The modulus of elasticity is some- 
what more than half that of the 
steels, and the coefficient of expan- 
sion is less than half that of the 
austenitic stainless steels. 

Titanium is a very active metal 
and readily dissolves carbon, oxygen 
and nitrogen. All three strengthen 
the metal, with oxygen and nitrogen 
having the most pronounced effects. 
Control of the content of these three 
elements is one of the problems in 
producing satisfactory ingots, a prob- 
lem which has not yet been solved 
completely. Thus, there is consider- 
able variation in the properties of 
different ingots of the commercial 
metal produced by a single organi- 
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Temperoture, F 

Longitudinal and transverse strengths of 

Ti-1508 annealed sheet. (Titanium Metals) 
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treatment. Aluminum, nitrogen and 
oxygen tend to strengthen the low 
temperature modification (the alpha 
phase). Some of the properties of 
the commercial alloys are included 
in accompanying tables and graphs. 

Since the state of development of 
the alloys has not advanced suffi- 
ciently to justify the setting of stand- 
ards, each producer currently lists 
his own alloys. Compositions of 
























































6 
ie 
> | 
a 
gi2o 
£4 
100 
80 
x 
Nw 
iG Se 
| 
a 20 
¢ 2h 
rs) > ! L i l 
0 200 400 600 800 1000 
Temperature, F 


Effect of temperature on the tensile prop- 
erties of RC-130A, (Rem-Cru) 
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Effect of temperature on the tensile prop- 

erties of Ti-1SOA. (Titanium Metals) 
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these materials are given in ap x. 
companying table. There does pq 
appear to be any logical method ¢ 
classifying these alloys, althoup! 
they are all two-phase materials me 
therefore, they have been listed ;, 
the tables in alphabetical order based 
on the major alloying constituen 
A more satisfactory procedure yl 
probably appear when alloying ha; 
developed further. 
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Effect of temperature on the tensile prop- 
erties of RC-130B. {(Rem-Cru) 
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Nominal Mechanical Properties 
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—E | 
| | | | Hardness 
| | id. Str., Ten. | Elong, | Red. of | ey 
Commercial 0.2% Offset,| Str., %N Area, | 
Designation* Form | Condition Psi Psi 2 In. | Rockwell | Brinell 
Commercial Titanium | | 
Ti-55 A Sheet and strip Annealed 48,000 65,000 | 26.5 .. | R,80 
T-75A Sheet and strip Annealed 75,000 88,000 | 21 .. | R,90 — 
Plate Annealed 68,000 85,000 | 21.5 ‘3 “4 219 
Wire Annealed 72,000 83,000 | 22.5** 47.5 | “é *) 
| Cold drawn, full hard 125,000 145,000 | 11.5** | 37.5 | Pe 
Forgings, hot-rolled bars | Annealed 60,000 | 80,000 | 25** af | *- 190 
RC-55 Sheet, bar, plate | Annealed 65,000 75,000 | 25 55 | R,50-54| ... 
| Forgings _ Annealed | 65,000 75,000 | 15 30 | R,50-54 
MST Grade Il | Sheet | Annealed | 72,000 80,000 | 25 55 | RO | 
Cold worked, 50% 110,000 125,000 | 12 30 | R64 
Forgings | As forged | 72,000 80,000 | 25 55 R,62 
RC-70 Sheet | Annealed | 80,000 90,000 | 20 50 | R,54-58 
| 14 hard | 105,000 120,000 | 12 35 
Forgings As forged 80,000 90,000 | 15 30 =|: R, 54-58 
MST Grade IV Sheet, 0.040 in. | Annealed 1 hr at 1300 F 85,000 100,000 | 18 15 | R,61 
| Cold worked, 37% 120,000 130,000 6 14 | R,65 
Forgings | Hot forged, 80% reduction | 75,000 80,000 | 18 50 R,61 
Ti-100 A | Sheet and strip | Annealed | 95,000 110,000 | 17.5 <4 | R98 | ve 
Plate | Annealed | 100,000 | 110,000 | 18.5 | .. oe 
Wire Annealed | 88,000 108,000 | 22.5** 47.5 ; acy 
Cold drawn, full hard 160,000 | 190,000 | 12.5** 25 
Forgings, hot rolled bars | Annealed | 88,000 | 102,000 | 20** | 252 
Titanium Alloys | 
MST 2 Al-2 Fe Sheet, 0.040 in. | Annealed 1 hr at 1300 F | 140,000 | 14 ee R,68 
Cold worked, 37% 55 | 180,000 | 6 + R,70 
Forgings Hot forged, 80% 135,000 145,000 | 12 | 35 R,68 
RC 1308 Bar | Annealed 140,000 150,000 | 20 40 
Forgings | As forged | 130,000 150,000 | 15 | 30 R.33-36 | 
MST 3 Al-5 Cr | Forgings | Hot forged, 80% reduction | 153,000 165,000 | 8 | = R,71 
Furnace cooled ae 165,000 | 10 me R,73 
Ti-150 A Plate Annealed | 120,000 min | 152,000 | 12 min ‘a | 341 
Forgings, hot rolled bars | Annealed | 120,000 min | 150,000 | 15 min | 341 
Ti-1I75 A | Plate Annealed | 140,000 min | 172,000 8 min | 379 
| Forgings, hot rolled bars | Annealed 140,000 min | 170,000 | 10 min | 379 
Ti-150 B Sheet and strip Annealed 135,000 min | 160,000 | 10 R.35 
Plate Annealed 135,000 min | 160,000 | 10 - a oe 
MST 2.5 Fe-2.5 V Sheet, 0.040 in. Annealed 1 hr at 1300 F | 125,000 | 135,000 | 10 2 R,65 | 
| | Cold worked, 37% 170,000 | 175,000 | 2 = R,68 
Forgings Hot forged, 80% reduction | 105,000 130,000 | 12 | 35 R,65 | 
RC-130 A Sheet | Annealed | 130,000 | 150,000 | 25 35 R,33-36 
* See composition table. 
** % elongation in 4 dia. 
Nominal Physical Properties 
Thermal | | 
Cond., ' | 
Melting | Btu/Hr/Sq | Coef.of | Specific | Elec Elec | Mod of 
Commercial | Density, Range, | Ft/Ft/°F | Exp, Heot, Resist., Cond, | Elasticity, 
Designation | Lb/Cu In. F ot212F | per°F | Btu/Lb/°F | Microhm-Cm | %IACS Psi 
Commercial Titanium | 0.16 | 3135 | 810 | 5.0x10% | 0.13 61 3.1 15,000,000 
Titanium Alloys* | | 
MST 2 Al-2 Fe 0.165 nm | 5.4x10% 118 1.5 | 17,000,000 
RC-130 B 0.17 2910-3090 ai ~ we | 15,500,000 
MST 3 Al-5 Cr | 0.166 = $e 5.0 x 10% Ae 140 1.2 17,000,000 
Ti-150 A 0.166 8-10 5.0x 10% 0.129 60 3.0 16,000,000 
Ti-175 A 0.168 | 810 | 50x10 0.129 60 3.0 16,000,000 
Ti-150 B 0.168 8-10 | 5.0x 10% 0.129 at os | 16,000,000 
Mst 2.5 Fe-2.5 V 0.167 x | 5.1x 10% | o 78 2.2 | 15,000,000 
RC-130 A 0.17 2550-2740 A di | 15,600,000 





























omposition table. 


zation. There ..are several organiza- 
tions producing massive titanium 
from several sources of sponge and 
the properties. of commercial metal 
can be quite different if it is obtained 













from different sources. There are 
several materials listed as commercial 
titanium which differ in carbon con- 
tent and probably also in nitrogen 
and oxygen content, although the lat- 


ter are seldom reported. 

The high melting point of titanium 
led to the thought that the metal 
would be suitable for high tempera- 
ture applications. Unfortunately this 
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is not the case. Both oxygen and 
nitrogen are absorbed by titanium at 
high temperatures, and prolonged 
exposure results in permanent embrit- 
tlement of the metal. At tempera- 
tures above 600 F hydrogen can be 
absorbed in large quantities and may 
cause embrittlement also. In contrast 
with the embrittlement caused by 
oxygen and nitrogen, that caused by 
hydrogen can be removed by heating 
in a vacuum, a procedure, however, 
which is not very appealing as a 
commercial method. Titanium and 
the alloys available at present are not 
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recommended for continuous service 
above 1000 F. Attempts to develop 
alloys suitable for elevated tempera- 
ture service continue for the metal 
has a number of features which make 
it attractive for such service. If suit- 
able alloys cannot be found, it may 
be possible to develop methods to 
protect the surface. 

The fatigue strengths of titanium 
and its commercial alloys compare 
favorably with those of the steels 
when determined on standard pol- 
ished specimens. As a matter of fact, 
the ratios of fatigue strength to ten- 
sile strength for the titanium alloys 
appear to be somewhat higher than 
those for the steels. 

However, there is considerable dif- 
ference of opinion on the effects of 
notches. Some authorities are of the 
opinion that titanium and its alloys 
are quite notch-sensitive, while others 
maintain that the notch-sensitivity is 
similar to that of the steels. There 
is not sufficient information available 
to make a definite statement on this 
problem at present. However, it 
should be recalled that most of the 
work has been done on material 
produced in the rather early stages 
of commercial production. It is pos- 
sible that notch-sensitivity will be 
reduced when the uniformity of the 
alloys has been improved. As a mat- 
ter of fact, one commercial alloy has 
shown considerable improvement in 
this property during the past few 
months. Until such time as this point 
has been definitely decided, one way 
or the other, the engineer dealing 
with dynamically stressed parts 
should consider the possibility of 
notch-sensitivity in designing for ti- 
tanium alloys. 

On the other hand, for applica- 
tions involving cyclic stresses in cor- 
rosive environments such as _ sea 
water, it seems to be generally agreed 
that titanium and its alloys have 
excellent properties. Endurance tests 
made on commercial titanium have 
indicated that there is very little dif- 
ference in fatigue strength between 
samples tested in air and those tested 
in salt-water. 

Titanium has excellent corrosion 
resistance in many environments, par- 
ticularly to chlorides and under oxi- 
dizing conditions. It is resistant to 
oxidizing acids such as nitric and 
aqua regia, to dilute sulfuric and 
hydrochloric, and to most organic 
acids at room temperature. It is at- 
tacked by concentrations over 5% 
of hydrochloric acid, the rate increas- 
ing with the temperature. The metal 





is mot resistant to hydrofluoric and 
phosphoric acids at room tempera. 
ture. It is resistant to dilute alkalies 
but is attacked by moderately con- 
centrated solutions. In resistance to 
chlorides, titanium is outstanding. | 
is particularly immune to attack by 
sea water and is not pitted by stag. 
nation in crevices, under moist salt 
crystals, and under fouling growths. 
It resists boiling dilute solutions of 
many of the chlorides also. Titanium 
appears to be immune to stress-cor- 
rosion cracking in hot 10% sodium 
hydroxide and boiling saturated mag- 
nesium chloride, solutions which at- 
tack some of the alloy steels severely. 

Recent solution potential studies 
indicate that titanium is cathodic to 
most of the metals used in aircraft 
construction. Thus, titanium will not 
corrode in normal and marine at- 
mospheres even when coupled to 
other metals. These results are simi- 
lar to those obtained previously in 
sea water tests. The investigation in- 
dicated also that nascent hydrogen 
and oxygen do not dissolve in titan- 
ium at room temperature. Since there 
are so many factors which affect the 
corrosion rates, the remarks made 
above should be used only as indica- 
tive of the corrosion resistance of 
titanium. Before selecting the metal 
for applications involving corrosion, 
tests should be made under service 
conditions. 
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Working and Forming 


Most of the information on the 
forming of titanium sheet is the re- 
sult of work done in the aircraft 
industry. Although there are natur- 
ally some differences of opinion on 
the ease of fabrication, such infor- 
mation as has been released indicates 
that the normal troubles to be ex- 
pected in working with a new ma- 
terial are gradually being overcome. 
One of the major difficulties, which 
will be overcome! only with the per- 
fection of better methods of melting 
and casting, is lack of uniformity 
of the material. At present, one or- 
ganization after another notes that 
variations occur from ingot to ingot. 
Variations from sheet to. sheet 
plagued the fabricators until recently. 
However, considerable improvement 
has occurred during the past few 
months. Because of these variations, 
fabrication procedures have been se- 
lected to allow for lack of uniform- 
ity which means, in many cases, the 
use of less drastic procedures than 
will be possible when more uniform 
material is generally available. 

Commerical titanium sheet can be 
formed by bending, spinning, stretch 
forming, drawing, and similar oper- 
ations. The formability of annealed 
sheet has been compared to that of 
4, to 4 hard 18:8 stainless steel. 

Annealed sheet up to 0.095 in. 
thick can be bent cold 180 deg paral- 
lel to the rolling direction on a 
radius of 14T and perpendicular to 
the rolling direction on a radius of 
¥4T. In the aircraft industry, how- 
ever, bends of 3 to 5ST have been 
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Deep drawing formability criterion of com- 

mercial titanium sheet compared with other 

materials, (W. Schroeder, Lockheed 
Aircraft) 
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Exploded view of a titanium hydraulic fitting produced by the Crawford Fitting Co. With 


this type of fitting, flaring of the tube is not required. 


used to compensate for property var- 
iations from sheet to sheet, grain 
direction, and surface imperfections 
in the sheets, the quality of which 
has not been equal to that of the 
stainless steels and aluminum alloys. 
This condition will undoubtedly be 
improved as larger and more uniform 
ingots are produced and more ex- 
perience is gained in the rolling of 
titanium. 

Bending of 1/4 hard sheet requires 
radii of the order of 5T although, 
here again, several aircraft organiza- 
tions double this figure for room 
temperature bending, reducing the 
figure to 5T by heating the material 
to 500 to 600 F. Spring back char- 
acteristics of material formed at room 
temperature are similar to those of 
the stainless steels. 

Stretch forming is somewhat more 
dificult than similar forming of 
stainless steel, but development to- 
ward improving the operation is be- 
ing pushed by several organizations. 

The present status of the deep- 
drawing of titanium can be judged 
from the following comments. One 
organization reports that annealed 
commercially-pure titanium sheet has 
deep drawing properties comparable 
to 24S-O aluminum but somewhat 
inferior to those of the annealed 
stainless steels. Another states that 
the permissible reduction of area in 
drawing round parts is equal or su- 
perior to that of type 302 stainless 
steel, a material which is credited 
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Titanium alloy forgings produced at the 

Naval Gun Factory. After forging in 

closed dies at 1850 F, they were trimmed, 

given a light finishing blow, and wet 
blasted. 


with excellent drawability. It has 
been stated by a producer of deep- 
drawn shapes that any part which 
can be deep-drawn using mild steel 
can be duplicated with annealed ti- 
tanium. 

As should be expected, certain 
modifications in the process are nec- 
essary. Press speeds should be lower 
than those used for steel and more 
frequent annealing is required. In 
one investigation, annealed sheet 
showed a tendency to crack in areas 
where bending occurred. However, 
when ample punch and draw radii 
were used very good deep drawing 
properties were found. Based on this 
investigation, a draw radius of 8T 
was recommended. Because of the 
galling characteristics of titanium, 
high draw pressures result, particu- 
larly when drawing large blanks. 
Pick-up and galling are serious prob- 
lems, and the draw-ring may require 
cleaning after producing two or three 
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Hot forming a titanium ring prior to welding. 


parts to 
sticking. 

Development of suitable lubricants 
is a continuing investigation. Sul- 
furized and chloridized polar lubri- 
cants appear to be favored at the 
moment while selective surface oxi- 
dation, phosphate coating or copper 
plating to reduce seizing have also 
been suggested. A proprietary method 
of coating the surface with solid 
film lubricants, based on graphite 
and resins, is said to prevent galling 
and seizing of titanium and its al- 
loys. 

Dimpling of sheet for flush-head 
rivets requires high pressure. In some 
sizes the operation can be accom- 
plished successfully at room tempera- 
ture. For large diameter rivets or 
for work-hardened material, it is 
necessary to heat the sheet before 
dimpling to prevent cracking. Tem- 
peratures in the range 500 to 600 F 
are satisfactory. 


avoid failures caused by 
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Commercially pure titanium has 
been cold headed to form rivets and 
other fasteners using regular produc- 
tion equipment. Some organizations 
suggest heating the rivets for driving 
to obtain satisfactory heading but 
cold-driving operations are quite feas- 
ible although special rivet-sets are 
recommended. Monel rivets are be- 
ing employed by at least one aircraft 
manufacturer instead of titanium 
rivets. Much of the work on cold 
heading is still on an experimental 
basis, and it has been reported by 
one firm specializing in fasteners that 
not too much success has _ been 
achieved in producing screws, nuts 
and bolts. Others indicate that the 
difficulties can be overcome by roll- 
threading instead of thread-cutting. 

The forming characteristics of ti- 
tanium alloy sheet have been com- 
pared with those of 34 hard 18:8 
stainless steel. Less work has been 
done on alloy sheet than on com- 





(American Welding) 


mercial titanium, but indications are 
that such forming can be done most 
satisfactorily by following the pro- 
cedures used in forming magnesium 
and the stronger aluminum alloys, 
such as 75S-T—that is, by heating 
the sheet for forming. 

Procedures for the forming of 
RC-130A sheet were developed by 
one organization and. certain tenta- 
tive methods have been proposed. 
It should be noted that this work 
was done last year and that improve- 
ments in sheet quality and uniform- 
ity which have been achieved re- 
cently will probably permit more 
drastic procedures. Shears equipped 
to cut stainless steel are satisfactory 
for cutting this material and produce 
clean edges. The power requirements 
are similar to those required for 1/4 
hard stainless. 

Power brake forming at room tem 
perature requires radii of 3T for suc- 
cessful bending. Spring-back causes 
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considerable trouble, which can be 
reduced by using rubber female dies. 
Forming at 200 to 400 F after soak- 
ing the alloy at 550 to 600 F pro- 
duces good bends at high rates using 
radii of 2T and with only 40% of 
the spring back resulting when simi- 
lar bends are made at room tempera- 
ture. 

For successful forming of RC- 
130A using the Guerin process, pres- 
sures of 2000 to 5000 psi at 400 to 
450 F are necessary. Spring back is 
directly related to the forming tem- 
perature and pressure. 

For stretch forming under con- 
trolled conditions, elongations ap- 
proaching 60% of those obtained on 
a 2-in. gage length in the tension 
test can be obtained. The alloy has 
a tendency to neck locally during 
longitudinal stretching, a condition 
which can be minimized by inter- 
rupted straining. 

Dimpling for ¥-in. dia rivets was 
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done without cracking at room tem- 
perature on 0.030-in. sheet, but spe- 
cial punches and dies were required, 
and high ge were necessary 
for successful results. 

Preliminary mechanical joggling 
tests indicate that the material can 
withstand fairly severe cold working. 
The joggling characteristics of the 
alloy have been compared with those 
of 14 hard stainless steel. 


Forging 


The forging of titanium and its 
commercial alloys is accomplished 
quite readily by conventional pro- 
cedures, but certain variations are 
required from alloy to alloy and the 
manufacturer should be consulted for 
specific recommendations. These ma- 
terials flow easily, readily fill the 
dies, and give good sharp impres- 
sions. On a weight basis, about 30% 
more force is required than would 


bending operations. 


be required for steel, and it has been 
suggested that dies be more massive 
than those used for steel. Flash can 
be removed in regular trimming dies 
without danger of tearing. 

It has been recommended by some 
organizations that the upper limit of 
temperature for forging be 1800 F, 
because the rate of penetration of 
oxygen and nitrogen into the metal 
becomes very rapid at higher tem- 
peratures and the resulting scaling 
and surface hardening can become 
a serious problem. Others prefer to 
set the upper limit at 1700 F. Forg- 
ing of most alloys should be con- 
tinued until the temperature drops 
to 1300 to 1400 F, if the equipment 
is sufficiently rugged, for the me- 
chanical properties of the part are 
improved by this procedure. Reduc- 
tions should be light to prevent 
cracking, and it has been suggested 
that the initial break-down could be 
done profitably in a press rather than 





Checking the temperature after hot forming a titanium section at Douglas Aircraft. Heating the piece virtually eliminated breakage in 
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under the hammer, although die-life 
might be a factor in such a proce- 
dure. This suggestion is based on 
the fact that titanium resists rapid 
deformation to a greater degree than 
slow deformation. After forging, a 
number of organizations anneal the 
piece at 1200 to 1300 F. 

Regular heating furnaces can be 
used, but the floor should be free 


from iron scale or the titanium 
WENA UNS. eTemee2es ever. 


Machining and Grinding 





Titanium alloy articulated connecting rod 
forged by Wright Aeronautical. 





Deep drawn titanium parts. Proper lubrica- 
tion is essential to prevent galling or scor- 
ing. (Worcester Pressed Steel Co.) 





Drop forged titanium ailoy conveyor belt 
link. The forging of titanium alloys can 
be done by conventional methods. These 
materials flow easily, readily fill the die, 
and give good sharp impressions. (Mal- 


lory-Sharon) 


should rest on clean bricks. It has 
been reported in several instances 
that titanium bars have reacted with 
mill scale, the reaction being exo- 
thermic and resulting in the com- 
plete oxidation of the bar. 

To reduce scale formation, the pre- 
ferred practice is to soak the piece 
at 1200 to 1300F and raise the 
temperature rapidly to 1700 to 
1800 F, holding at the latter tem- 


Machining 


Although it has been stated fre- 
quently that the machining of tita- 
nium is difficult because of work 
hardening, recent work has indicated 
that such is not the case, but instead, 
the tool materials actually alloy with 
the titanium and particles of the tool 
are washed away. Improvement can 
be expected if metal to metal contact 
is reduced by adequate lubrication. 

Titanium resembles the stainless 
steels in the type of chip formed 
during machining operations, but 
there is considerable difference of 
Opinion concerning the relative ma- 
chinability of these materials. Some 
engineers state that titanium is more 
dificult to machine than the stain- 
less steels, while others maintain 
that titanium is more readily ma- 
chinable and the ease of machining 
increases with the purity of the 
metal. Some of these differences in 
Opinion may be the result of careless 
nomenclature. The term titanium has 
been used loosely to include the 
commercial metal and also the alloys, 
materials which have quite different 
properties and can be expected to 
have different machinability ratings. 
One estimate of relative machinabil- 
ity rates titanium and titanium al- 
loys in the 15 to 20% range and 
18:8 stainless at 25% based on a 
rating of 100% for B1112 steel. 
Recent work in the aircraft industry 
has indicated, however, that the al- 
loys 150A and MST3AI-5Cr should 
be compared in relative machinability 
with the high temperature jet engine 
alloys rather than with the stainless 
steels. 

In general, tool designs which 
have been used successfully in ma- 
chining the austenitic stainless steels 





perature for the minimum possible 
time. No special atmosphere is te. 
quired, although excessive wate; 
vapor atmosphere should be avoided, 
Small reductions can be made by 
cold swaging, but care is required 
in this operation. Excessive working 
at room temperature can result in the 
cracking of the part. Swaging can 
be performed quite readily if the 
bars are heated to 400 to 500 F. 


are satisfactory for machining tita- 
nium and its alloys. For roughing 
cuts, speeds of 45 to 60 surface ft 
per min with minimum feeds of 
0.030 in. per revolution and a depth 
of cut about double the feed have 
been found to work satisfactorily. 
For finishing cuts, the speed is in- 
creased to about 70 sfm and a mini 
mum feed of 0.015 in. per revolu 
tion with a depth of cut equal to 
the feed can be used. Although 
slow-speed machining is usually rec 
ommended, another successful pro- 
cedure currently being employed for 
commercial titanium uses speeds of 
300 sfm with a 0.012-in. feed for 
turning operations. In machining 
these materials, the tool should be 
worked as heavily as possible, a sharp 
tool is essential, and the tool should 
not be permitted to dwell, for bur 
nishing will occur, making furthet 
machining difficult. 

One of the major problems in 
machining these materials is the ten- 
dency of titanium to weld to the 
cutting tool with resulting galling 
and seizing. Successful machining 
requires either the use of a suitable 
lubricant, which should have the 
highest possible lubricity, or adequate 
cooling of the work. There is con- 
siderable disagreement on the exact 
function of the cutting fluid, some 
authorities believing that it acts 
merely as a coolant. 

Although some organizations ar¢ 
using the same cutting fluids they 
use for the machining of other metals 
in their shops, improved lubricants 
are available which should facilitate 
the machining operation. Cutting 
oils containing sulfur additives have 
been effective in reducing welding 
under severe cutting conditions, 
while cutting oils to which chlor! 






MATERIALS & METHODS 





See 








nated solvents such as carbon tetra- 
hloride have been added are more 
ffective at low speeds and lighte: 
ts. Cutting fluids have been de- 
veloped for the machining of tita- 
nium and its alloys which contain ac 
sulfur, active chlorine in a non- 
ic form, and polar type fatty addt- 
tives combined with a mineral oil 
of the correct viscosity for the oper- 
ition to be performed. 
A recent development in which 
small high-speed jets of oil are di- 
ted at the point of contact be- 
tween the work and the cutting edge 
has been reported to enable rapid 
tting of titanium in single-point 
| operations. 
ae development which shows 
some promise in improving the ma- 
ability is a procedure in which 
lid carbon dioxide is released at 
cutting edge of the tool. Cutting 
eds of more than 300 sfm have 
employed when using this 
thod, which has been applied to 
lathe cutting, milling, drilling 
| broaching of titanium. 
in all cutting operations it is nec- 
iry to observe the rule that the 


Boeing engineers examine welded titanium tubing. 


feed must not be disengaged while 
the tool is moving in contact with 
the work. This rule has been ap 
plied particularly to drilling and tap- 
ping, which are generally considered 
to be difficult operations. Pilot holes 
cannot be used and the enlarging of 
holes should be avoided. The most 
promising procedure developed is 
eccentric drilling using high-cobalt 
drills with notched lips. Slow speeds 
with feeds double those usually em- 
ployed in drilling the stainless steels 
are desirable. However, there is dis- 
agreement here also since some or- 
ganizations have indicated that no 
particular difficulty was experienced 
in these operations. The hard chro- 
mium plating of high-speed steel 
drills, taps and reamers is reported to 
reduce chip welding and subsequent 
galling, also. The cutting of external 
threads should be done by milling 
or chasing in a lathe, if possible. 
If dies are used, complete welding 
of the die to the work may occur. 
The sawing of titanium and its 
alloys is a difficult operation, par- 
ticularly in heavy sections. Heavy 
positive cuts are desirable Satisfac- 


The unalloyed material can be readily welded by several processes. 


tory results have been obtained re- 
cently with a number of machine 
saws, but the work was flooded with 
a soluble oil and water coolant dur- 
ing the operation to avoid heat crack- 
ing. For hack-sawing, current rec- 
ommendations call for an extremely 
coarse saw (two to four teeth per 
in.) with slow speeds and heavy 
feeds. Fine-toothed saws and con- 
ventional feeds are reported to be 
unsatisfactory for sawing titanium. 
On the other hand, in sawing the 
alloys, one organization reports that 
the best results with RC-130A are 
obtained with a 32 pitch wavy set 
blade operating at speeds less than 
100 sfm with feeds of 3 to 5 in. 
per min. Blade widths of ¥/ in. are 
satisfactory for sawing sheet, but 
unsupported flanges require wider 
blades. 

Wet abrasive cut-off wheels are 
recommended by some organizations 
as the best method of cutting tita- 
nium. For successful cutting, the work 
should be rotated in order that the 
wheel can cut toward the center and 
is not required to cut entirely through 
the piece. Oscillating the wheel ts 
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Tentative Recommendations for the Surface Grinding* 


used for surface grinding the com. 
of Titanium and Its Alloys 


mercial titanium alloys at slow whee| 























* Low wheel speeds are applicable to vitrified wheels in other precision grinding operations. 


also helpful. It has been reported 
that 7-in. dia bars have been cut by 
this procedure in 10 min while 1/,- 
in. bars have been cut in a few sec- 
onds. 

Friction sawing, diamond sawing 
and flame cutting have been used 
also. The latter is a rapid method 
of cutting these materials, but the re- 
sulting surfaces are hard and intro- 
duce difficulties in subsequent ma- 
chining operations. 


Grinding 

Because of the extremely high rate 
of wear of the wheel, titanium and 
its alloys are difficult to grind. Alum- 
inum oxide wheels are listed at pres- 
ent as the best for the purpose, al- 
though soft-bonded silicon carbide 


Cleaning and Finishing 








Courtesy of Norton Coy 


is preferred by at least one organi- 
zation. Since titanium dust, like that 
of the other light metals, is explo- 
sive, wet grinding procedures should 
be employed if possible. Wet grind- 
ing also assists in preventing thermal 
cracking caused by localized over- 
heating, which can result from the 
very low thermal conductivity of ti- 
tanium. Several organizations rec- 
ommend post-grinding annealing at 
1200 to 1300 F to prevent cracking, 
especially for the high-strength al- 
loys. An alternate method which 
has been proposed is hot-grinding 
in the range 500 to 600 F. However, 
these methods apply to snagging 
rather than to precision grinding. 
Recent work indicates that when 
the most suitable grinding fluids are 


Joggled titanium alloy hat section made by Chance Vought for the Navy Bureau of 
Aeronautics on an experimental program. Tests showed the alloy could withstand reason- 
ably severe cold working if material was completely supported in region being worked. 






speeds, in the range of 2000 to 3000 
Wheel Material Alumina sfm, the rate of wheel wear is simi. 
Designation 32A60-L8VBE or 32A60-K8VBE lar to that for hardened high-speed 
Wheel Speed | 2000-3000 sfm steels ground in the usual, manner, 
Table Speed 400-500 in. per min It has b ted. th f h 
Downfeed | 0.001 in. or ed t has been sugges 7. : write —, u at 
Grinding Condition | Wert the tolerances obtainable in grinding 
Application — | Commercial titanium, Ti-}50A;-RE-130B titanium alloys under the best known 


conditions should be comparable to 
those obtained in grinding similar 
parts made of high-speed steel. 
Current recommendations for sur- 
face grinding the titanium alloys call 
for the use of alumina wheels and 
slow wheel speeds of 2000 to 3000 


sfm. Slou__specs_is_seie ta. be the 
key to successful grinding by severat 
organizations. This development of 
“Trading petceduces is now past the 
preliminary stages and the operation 
is less difficult than it was only a 
few months ago. The accompanying 
table indicates a procedure which 
which has given good results. Since 
considerable grinding is required in 
mill processing while fabricated ar- 
ticles may require finish grinding 
revised recommendations can be ex 
pected to be released as soon as im- 
proved methods are devised. At pres- 
ent, grinding operations are being 
done. successfully but at relatively 
high abrasive costs. 





The descaling and cleaning of ti- 
tanium and its alloys can be accom- 
plished by chemical or mechanical 
means. Light discoloration can be 
removed by immersion of the part 
in a pickling solution composed of 
2% hydrofluoric and 10% nitric acid 
by volume. However, this solution 
will not remove the scale formed 
when titanium is annealed in air. 
For this purpose, a number of or- 
ganizations are using the Virgo or 
caustic bath, operated at about 800 
to 850 F, particularly in the treat- 
ment of sheet and strip. Others are 
descaling with sodium hydride. Fol- 
lowing either of these treatments, 
the material is quenched in water 
and dipped briefly into a hydroflu- 
oric-nitric acid solution to brighten 
the surface. 

There is some difference of opin 
ion on the possibility of the embrit 
tlement of the material as a result 
of this type of descaling. On the 
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Flash butt welding a titanium ring at the American Welding & Manufacturing Co. Meth- 
ods for titanium resemble those for aluminum more closely than those for steels. 


one hand, it has been stated that 
there is no danger of embrittlement 
using the Virgo or commercial so- 
dium hydride procedures if normal 


Joining 


Titanium and its alloys can be 


lded to themselves by resistance 


inert-gas-shielded arc methods. 
ywever, welding procedures for 
ning these materials to other con- 
ctional metals are still in the de- 
opment stage, although recently 
Organization has reported that 
essful joints were made between 
mercial titanium and an alumi- 
n alloy. The tendency of tita- 
m to absorb oxygen and nitrogen 
en heated to high temperatures 


| 
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conditions are employed, but there 
is definite possibility of embrittle- 
ment if caustic soda alone is used 
because of the high temperature re- 


complicates the welding procedure, 
since these gases embrittle the ma- 
terial. The response of the alloys 
to heat treatment is discussed later. 
Brazing to dissimilar metals has been 
reported but methods for soft solder- 
ing have not been developed. 

For the production of satisfactory 
welds, the oxide scale formed during 
annealing must be removed by meth- 
ods such as those discussed pre- 
viously. Spot welding does not seem 
to be affected by the oxide coating 





quired for satisfactory removal of 
the scale. On the other hand, it has 
been reported that sodium hydride 
descaling can cause some embrittle- 
ment, particularly of thin sheet. A 
pickling procedure using a hydro- 
chloric-hydrofluoric mixture at room 
temperature is a recent development 
which shows promise. No previous 
caustic treatment is mecessary. Sur- 
face staining, resulting from finger- 
prints or oil marks, can be removed 
using the usual commercial deter- 
gents. 

Titanium scale can be removed 
mechanically by grit or vapor blast- 
ing, if a matte finish is permissible. 
This procedure is usually employed 
for heavy sections, such as bars, rods, 
plates or forgings. It is sometimes 
followed by a chemical treatment to 
insure the complete removal of the 
scale, 

The electroplating of titanium to 
produce wear resistance surfaces is 
still under development. Conven- 
tional methods of chromium plating 
produce non-adherent coatings. Meth- 
ods of delivering the titanium to the 
plating bath with an oxide-free sur- 
face appear to be mecessary to obtain 
suitable adhesion. Several promising 
procedures for accomplishing this ob- 
jective have been devised but none 
is commercial at the present time. 
Other plating procedures for the pro- 
duction of wear resistant or decora- 
tive coatings have not been reported, 
although the copper-plating of tita- 
nium to reduce galling during work- 
ing is a commercial operation. 

Titanium can be anodized by treat- 
ment in a chromic or sulfuric acid 
bath. The surface resulting from 
this treatment can be dyed and sealed 
by procedures similar to those used 
for aluminum. 


which: forms on titanium at room 
temperature, but for flash-butt weld- 
ing the contact areas must be cleaned. 

The spot-welding of commercial 
titanium sheet offers no particular 
problem, and satisfactory welds can 
be made over a wide range of con- 
ditions. The weld time in cycles is 
about the same as that required for 
low carbon steel of the same thick- 
ness, but the welding current is ap- 
proximately 50% greater. From 25 
to 50% more pressure on the elec- 
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Ryan engineers check the dimensions of a Piasecki shroud section fabricated from titanium. 


Hot forging a 1000-ib titanium ingot at Rem-Cru. 


trode tips is desirable also. Exces- 
Sive penetration is characteristic of 
titanium spot welds and, in the tests 
run by one organization, no weld 
was made with less than 80% pene- 
tration. Since the welds are less duc- 
tile than the base metal, conditions 
should be adjusted, by trial, to limit 
the penetration. However, one air- 
craft company reports that titanium 
readily meets the weld quality re- 
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quirements for penetration, shear 
strength uniformity and soundness 
established by this organization for 
stainless steel sheet. 

The spot welding of titanium al- 
loy sheet is still in the development 
stages. Some experimental work has 
indicated that single-phase alloys can 
be welded more satisfactorily than 
two-phase alloys. Unfortunately, all 
of the alloys available commercially 






at present are two-phase materials 
One organization reported that at. 
tempts to join titanium and type 347 
stainless steel by spot welding were 
unsuccessful. The weld nugget 
formed was so brittle that it was 
difficult to section the weld for ex. 
amination. Other reports of similar 
difficulties indicate that the spot 
welding of titanium and its alloys 
to dissimilar metals will require a 
great deal more study before satis. 
factory results are obtainable. 

Flash butt welding techniques for 
titanium and its alloys resemble those 
for aluminum alloys more nearly than 
those for steel. A relatively short 
flashing cycle is. desirable, during 
which the butted ends are heated to 
fusion in the arc. A rapid forging 
cycle with the ends being upset and 
joined completes the weld. Upset 
pressures are higher and current 
densities are lower for titanium than 
for aluminum, although it has been 
reported that standard total losses, 
upset flash and voltage settings ca 
be used. 

Care is necessary at the beginnin 
of flashing to prevent the formation 
of joints, prematurely. For heavy 
sections, this is achieved by pointing 
the ends of the bars to concentrate 
the current when the arc is struck. 
Titanium tubing has been joined 
satisfactorily by the process also. In 
addition to commercial titanium, the 
alloys RC-130B and Ti-150A are 
being joined commercially by flash 
butt welding. The mechanical prop- 
erties of the welds in these alloys 
are said to be equal to those of the 
parent metal. It has been reported 
that commercial titantum has been 
joined to type 61S aluminum by this 
process and, on testing, the failures 
occurred in the aluminum alloy. 

Commercial titanium can be joined 
successfully using the  inert-gas- 
shielded arc process. For this opera- 
tion, however, all pzrts of the as 
sembly which are heated above 
1200 F must be shielded from con- 
tact with the air, either with an 
inert gas or by backing with a metal 
such as copper. The latter expedient 
has been used in welding thin sheet, 
for its assists in maintaining align- 
ment. Uniformity is best if . direct 
current straight polarity is used in 
stead of alternating current, but 
penetration and strength are equally 
good with either a.c. or d.c. At 
nealed welds are less ductile than 
the parent metal if annealing is done 
in air. However, one organization 
reports that welds which are vacuun 
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annealed after inert-arc welding with 
tungsten electrodes are practically as 
ductile as the parent metal. Filler 
-ods of materials other than titanium 
are not satisfactory because extremely 
brittle welds result. Welding of the 
alloy grades by the inert-arc process 
has not been so successful. Although 
the joints have been satisfactory, the 
ductility is very low and no improve- 
ment has resulted from heat treat- 
ment. 

The brazing of commercial tita- 
nium to itself and to other materials 
is still in the development stage. 
Using a proprietary flux developed 
recently, good results were obtained 


Heat Treatment 


The crystal structure of titanium 
changes at 1625 F from hexagonal 
close-packed alpha (the room tem- 
perature modification) to body-cen- 
tered cubic beta. Slight hardening 
effects resulting from this structural 
change have been reported for 
quenched titanium but have no prac- 
tical significance. On the other hand, 
some of the alloys can be hardened. 

Commercial titanium can be an- 
nealed satisfactorily by heating to 
1200 to 1300 F for periods of time 
depending on the thickness. In gen- 
eral, the alloys can be annealed in 
the same range. Strain hardening 
can be removed by heating in this 
temperature range for 10 to 15 min. 
There is a difference of opinion on 
the effect of the atmosphere during 
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Surface hardening of titanium upon heet- 
ing in air for 1 hr ot the temperature in- 
dicated. {Titanium Metals) 
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with silver brazing alloys by fur- 
nace, oxyacetylene torch and salt bath 
procedures. However, the alloy layer 
formed between the silver solder and 
the titanium was very hard and brit- 
tle. Failures on testing single lap 
joints occurred in this layer. 

Brazing with aluminum alloys has 
been investigated also. Preliminary 
work indicated that satisfactory joints 
could be made. The alloy layer was 
softer than titanium, and it would 
appear that the strength of the joints 
would depend on that of the alumi- 
num alloy rather than on that of the 
intermediate zone. 

It has been reported that titanium 


annealing. Some investigators con- 
sider that annealing in air is satis- 
factory for heavy sections, but there 
is definite danger of embrittlement 
if thin sheet, tubing and wire are so 
annealed. For such materials they 
suggest annealing im an inert at- 
mosphere. Others believe that the 
relatively short time required to an- 
neal thin sheet at 1200 F makes it 
possible to anneal such sheet in air 
without danger of embrittlement. All 
agree that holding the material for 
long periods in this temperature 
range or annealing at higher tem- 
peratures in air can result in a heavy 
scale formation and the possibility 
of embrittling the material. Tita- 
nium can be stress relief annealed at 
temperatures in the range 600 to 
800 F. 

The titanium-base alloys which 
have been produced commercially 
thus far contain additions of iron, 
chromium, vanadium, molybdenum 
Or manganese, each of which stabil- 
izes the beta form so that some of 
this phase is retained to or below 
room temperature. Thus, these al- 
loys are mixtures of alpha and beta 
titanium. They are modified but not 
changed basically by the addition of 
elements which strengthen the alpha 
phase, including aluminum, nitro- 
gen, oxygen and carbon. The bene- 
fits obtained from the alpha-strength- 
eners are not so apparent at room 
temperature as at elevated tempera- 
tures. Alloys which contain alpha- 
strengthening elements retain their 
strength to higher temperatures than 
those which do not contain these ele- 
ments. 
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can be brazed to dissimilar metals 
using copper-titanium as the brazing 
alloy and heating the assembly in a 
vacuum. Silver-brazing of titanium 
to cold-rolled steel in an inert at- 
mosphere has been reported also. 
Another organization stated that 
vacuum-tight joints had been pro- 
duced between titanium and copper 
and titanium and monel by silver 
brazing. However, the assemblies, 
which were prepared for use in x-ray 
tubes, either cracked or developed 
leaks during operation of the tubes. 
Thus, it would appear that the braz- 
ing of titanium is still far from a 
commercial operation. 


The commercial alloys currently 
available can be modified by heat 
treatment, and several organizations 
are actively engaged in developing 
suitable methods. Up to the present 
time, only limited procedures have 
been revealed. Among those sug- 
gested for obtaining certain desirable 
properties are: (1) Air cool from 
1400 F for the best combination of 





Forging heated titanium in a closed-impres- 
sion die on an 8000-Ilb steam hammer at 
Steel Improvement & Forge Co. 





Stretch forming of jet plane after-burner 


shields of titanium and other materials at 
the Cyril-Bath Co. 
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yield and tensile strength; (2) 
quench from 1600 F and temper at 
1300 F for retention of elongation 
with slightly increased strength; (3) 
air cool from 1800F for highest 
yield and yield /tensile ratio. 

Surface hardening by absorption of 
oxygen and nitrogen occurs when 
titanium-base materials are heated at 
high temperatures in air. Experi- 
mental values are shown in an ac- 
companying graph. These results in- 
dicate that the selective hardening 
of the surface by procedures an- 
alogous to those used for steel is 
possible. Thus, it is not surprising 





Applications 


In sheet form, unalloyed titanium 
is now being employed commercially 
by one aircraft manufacturer for 
shrouds, cowles, redundant bulk- 
heads and fire-walls. The shrouds, 
which shield the high-temperature 
exhaust system of the Piasecki heli- 
copter, have been constructed of ti- 
tanium. The part must withstand 
temperatures of 400 to 500 F, and 
this appears to be an ideal applica- 
tion for the metal. Considerable in- 
terest is evident in the use of com- 
mercial titanium for aerodynamic 
surfaces of supersonic aircraft. At 
the higher speeds, the temperatures 
resulting from aerodynamic heating 
approach values which are too high 
for aluminum alloys, and higher 
melting materials such as titanium 
are necessary. Titanium alloy sheet 
is now under consideration for the 
longerons or rib-sections of the fuse- 
lage. 

Titanium alloy forgings are under 
development for jet engine parts 
such as compressor disks, blades, 
stator vanes and spacer rings, while 
a number of other forged shapes 
have been made on an experimental 
basis. 

In addition to titanium rivets, con- 
sideration is being given to the use 
of mechanical fittings of titanium 
in aircraft to replace riveting. Such 
fittings could also replace the stain- 
less steels bolts now being used. It 
has been stated that, if all stainless 
steel bolts were replaced by titanium 
alloy bolts in one type of aircraft, 
there would be a weight saving of 
500 Ib. 

Hydraulic lines and fittings of 
commercial titanium are also under 
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that a patent has been issued for 
the surface hardening of titanium 
by treatment with molten cyanide. 
It is claimed that by the use of sub- 
stantially oxygen-free cyanide, a cya- 
nonitride coating is formed, which 
is only a few ten-thousandths of an 
inch thick but is extremely hard and 
corrosion resistant. On the other 
hand, if commercial cyanide is used, 
much thicker coatings can be ob- 
tained but they are the result of the 
absorption of oxygen and nitrogen. 
The coatings developed by the two 
procedures are said to be quite differ- 
ent in properties. 


consideration for aircraft service. As 
it is difficult to flare the ends of 
titanium tubing under field condi- 
tions, fittings have been devised 
which do not require the flaring of 
the tube. 

The Defense Dept. is interested 
in the development of titanium alloy 
components for air-borne and man- 
borne equipment because of the sav- 
ing of weight which would be pos- 
sible by the replacement of steel with 
titanium. 

Commercial titanium is in use on 
a limited scale for corrosion resis- 
tant equipment in the chemical field. 
Currently, large installations are un- 
der construction for handling 22% 
sulfuric acid at high pressures and 
temperatures and for handling con- 
centrated ferrous chloride solutions. 
A pharmaceutical producer has in- 
corporated titanium tubing into cer- 
tain process equipment. Because of 
its excellent corrosion properties, ti- 
tanium will probably nd wide ap- 
plication in the chemical field when 
larger quantities are available for 
testing and installation. 

The exceptional resistance of the 
metal to salt water corrosion assures 
it a field in marine applications when 
the price has been reduced. Even at 
present prices, the Navy is definitely 
interested in applying the metal to 
certain small parts in which a critical 
corrosion problem exists. 

Most HP pore applications are in 
the development stage at the present 
time. Many other uses have been 
suggested, most of which will be 
commercial only when the price of 
the metal has fallen to a more com- 
petitive figure. 
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Commercial titanium welding elbow pro- 
duced by Tube Turns, Inc. Because of jt; 
excellent corrosion resistance, titanium will 
be widely used in the process industries 
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The Precious Metals 


Materials Data Sheet 


The metals gold, silver, platinum, palladium, rhodium, ruthenium, osmium and iridium are known as the precious metals. Their uses in jewelry and the arts 
have obscured the fact that considerable quantities are used also in engineering applications. Among such applications are corrosion resisting equipment, bearings, 
solders, electrical contacts and catalysts. 





Gold 


Silver 


Platinum 


Palladium 





COMPOSITION, % 


| 


See footnote 


See footnote 


| 


See footnote 


See footnote 





PHYSICAL PROPERTIES 
Density, Lb/Cu In. 
Melting Point, F 
Thermal Cond, Btu/Hr/Sq 

Ft/Ft/F, @ 212 F 
Coeff of Exp per F: 
32—212 F 
Spec Ht, Btu/Lb/F: 
Elect Res, Microhm-Cm 
@ 32F 





0.698 
1945 


172 


7.9x 106 
0.031 


2.35 





MECHANICAL PROPERTIES 


Tensile Str, 1000 Psi: 
Annealed 
Cold Worked 
As Cast 

Yield, Str, 1000 Psi: 
Annealed 
Cold Worked 
As Cast 

Elong in 2 In., %: 
Annealed 
Cold Worked 
As Cast 

Reduction of Area, %: 
As Cast 

Hardness, Bhn: 
Annealed 
Cold Worked 
As Cast 

Fatigue Strength (End 
Limit} 1 000 Psi Annealed 





THERMAL TREATMENT 
Annealing Temp, F 


| 
| 
| 


Mod of Elastin Tension, Psi | 





12 x 106 


19 
32 (b) 
18 


Nil 
30 


45 
4 
30 


25 
58 
33 


4.6 (10? cycles) 


0.379 
1761 


242 


10.9 x 10°4 
0.056 


1.59 (a) 


0.775 
3224 


42 


4.9x 10% 
0.031 


14.9 





0.434 
2829 


41 


6.5 x 10°* (a) 
0.058 


10.8 (a) 





11 x 10 


22 
54 (c) 
15 


8 
44 
5 


48 
2.5 
60 


67 





21 x 106 
17-26 
34-45 
2-5.5 

27 


30-40 
2.5-3.5 


38-52 
97-13 





17 x 10 





Not required 


1475-2200 


1475 





i - 


FABRICATING PROPERTIES 
Hot Working Temp Range, F 
Max Red, between An- 

neals, % 
Casting Temp Range, F 
Joining 


Any to vx 
Apparently unlimited 


2000-2370 
Braze with silver solder, 
no flux, any flame. Can be 
resistance welded by any 
method. Oxyacetylene 
welded, no flux, any flame. 


2000 
Braze with silver solder. 
Can be resistance welded. 


1475-2300 
99 


3300 
Brazed with fine gold or 
white platinum solder. 
Hammer welded at 1800 
F. Can be resistance or 
oxyacetylene welded. 


1475-2300 
99 


3000 
Brazed with an oxyacety- 
lene torch using platinum 


solders. Can be resistance 
welded. 





CORROSION RESISTANCE 


Does not oxidize when 
heated in air. Resistant to 
alkalies, salts and most 
acids. Not attacked by 
oxygen or sulfur. Rapidly 
attacked by chlorine and 
bromine. 


Does not oxidize when 
heated in air. Resistant to 
most dilute mineral acids 
and alkalies. Attacked rap- 
idly by nitric acid and by 
hot sulfuric acid. Attacked 
rapidly by sulfur-bearing 
gases. 


Does not oxidize when 
heated in air. Resistant to 
reducing or oxidizing 
single acids but dissolved 
by aqua regia. 


Oxidizes when heated in 
air. Resistant to hydro- 
fluoric, acetic and phos- 
phoric acids. Attacked by 
nitric, sulfuric and hydro- 
chloric acids, bromine 
and iodine. 





AVAILABLE FORMS 


Foil, rod, wire, sheet. 





Sheet, strip, rod, wire, 
tubing. 


Foil, sheet, wire, tubing. 


Sheet, foil, wire, tubing. 





| | USES 








Lining of chemical equip- 
ment, high-melting solder, 
alloys for electrical and 
chemical purposes, jewel- 
ry, dentistry. 


Electrical contacts, corro- 
sion resisting rs. “oH 
bearings, photography; al- 
loying for coinage, brazing 
applications, jewelry. 





Chemical equipment, elec- 
trical contacts, catalysts, 
laboratory equipment, 
jewelry. 





Electrical contacts, indus- 
trial catalysts, production 
of pure hydrogen, jewel- 
ry, dental alloys. 








(Continued on page 135) 
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Since machining is probably the most widely used 
method of producing hollow parts from steel tubing, keeping 
well-informed calls for periodic review of the characteristics 
of tube machining operations and new developments in this field. 
A new slant on types of tubing, grades of steel, mechanical 
’ properties and dimensional tolerances could show you 
| ef 5 take a closer look the way to reduce overall time and costs. 
Because B& W’s long experience has proved the value of 
at our MACHINING never-ending investigation to find new uses for tubing’s adaptability, 
y B&W keeps reminding people who work with metal that tubing 


is more than bar stock with a hole in it; it is a semi-finished product. 
REQUIREMENTS If there’s a machining question on your mind these days, 
why not drop us a line? Tell us end-use of the mechanical tubing, 
OD, ID, and length of finished part, method of chucking and 
sequence of machining operations—description of frnished 
product, dimensional accuracy and type of surface finish required. 
Send along a print if you like. 
The B&W Technical Staff will supply objective recommenda- 
tions and, if you desire, your regional B& W Tube Representative 
—Mr. Tubes—will step in to help interpret your needs 
to the home office. Bulletin TB-324 gives an idea of what 
can be done with fine tubing. Write for it. 























THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


General Offices & Plants 


Beaver Falls, Pa.—Seamiess Tubing; Welded Stainless Steel Tubing 
Alliance, Ohio—Welded Carbon Steel Tubing 
Sales Offices: Beaver Falls, Pa. ° Boston 16, Mass. * Chicago 3, Iil. . Cleveland 14, Ohio 
Denver 1, Colo. © Detroit 26, Mich. ° Houston 2, Texas ° Los Angeles 17, Cal. . New 
York 16, N. Y. © Philadelphia 2, Pa. * St. Lovis 1, Mo. * San Francisco 3, Cal. © Syracuse 2, N. Y. 
Toronto, Ontario * Tulsa 3, Okla. 
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Rhodium 


Ruthenium 


Osmium 


iridium 





COMPOSITION, % Sa ROOM 








PHYSICAL PROPERTIES 
Density, Lb/Cu In. 
Melting Point, F 
Thermal Cond, Btu/Hr/Sq 
Ft/Ft/F, @ 212 F 
Coeff of Exp per F: 
68 F | 
Spec Ht, Btu/Lb ° F: | 0.059 
Elect Res, Microhm-Cm | 
@ 68 F 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, Psi 
Tensile Str, 1000 Psi: 
Annealed 
Cold Worked 
Hardness Bhn: 
Annealed 
Cold Worked 
As Cast 


| 0.447 
| 3571 


50 


4.6x 10° 


4.51 





42 x 10° 


73 
300 


FABRICATING PROPERTIES 

Hot Working Temp. 
Range, F 

Max Red, between An- 
neals, % 

Casting Temp, F 

Joining 


30-40 

3700 
Can be brazed and resist- 
ance welded. 





See footnote 


See footnote 





0.441 





2700-4300 


4700 
Can be brazed and resist- 
ance welded. 





CORROSION RESISTANCE | Oxidizes slowly when 
heated in air. Resistant to 
most acids, including aqua 
regia at room temperature. 


AVAILABLE FORMS 


Mirrors and electrodeposits 
for a nontarnishing finish, 
alloys with platinum and 
palladium for crucibles, 


USES 


Catalysts, spinnerets. 





| 
| 


glass-working equipment, | 


Oxidizes when heated in 


air. Unattacked by com- 
mon acids, including aqua 
regia up to 212 F. Moder- 
ately attacked by solutions 
of alkaline hypochlorites. 


Hardener for platinum and 
palladium. 


See footnote 





(.82 


0.813 
4450 





Not workable 


5000 


Can be brazed and resist- | 


| ance welded. 


j 
| 
| 


| Cast or sintered parts. 


Oxidizes rapidly in air at 
elevated temperatures. 
Resistant tocommon acids 
at room temperatures but 
attacked by aqua regia. 


Alloys used for pen tips, 
phonograph seal 

trical contacts, 
ment pivots. 


instru- 


2200-2700 


oe 
Can be brazed and resist- 


| ance welded. 





es, elec- | 

| electrical contacts, 

| wires, map needles 
r 


Oxidizes slowly when 
heated in air. Unattacked 
by common acids, includ- 
ing aqua regia up to 
212 F. 


Sheet, wire, rod. 

Extrusion dies for glass; 
alloys with platinum for 
fuse 


and jewelry. 





FOOTNOTES: 


Gold is generally produced in three grades: 
Proof gold, 99.99% Au 
Refined gold, 99.95%-99.98% Au 
- 99.5% Au, which is acceptable by 


the U. 
Platinum is produced in four grades: 
Type A, 99.99% Pt sometimes called physically pure 
Type B, 99.9% Pt sometimes called chemically pure 
Type C, 99.5% Pt crucible grade 
Type D, 99% Pi commerctal platinum 
The other metals are usually refined to 
8 F, 
old-rolled 607, 
Cold-rolled 


F, 


reduction. 
50% reduction. 


anos t , Ao My 
UtUnOuUL penauy. 


“the high purity suitable / 


spectrographically pure. 


Prepared with the assistance of the J]. M. Ney Co. 











PLEXIGLAS... Another Reason Why 
Lincoln for 1952 is so 


New Lincoln tail light 
lens is 10%"" high 
Injection molded of red 
PLEXIGLAS ‘'y" 
Molding Powder by 

Erie Resistor 


Corporation, Erie, Po 
4 
AU Ve 





On 1952 Lincolns, big tail light lenses provide 
distinctive model identification and large-area 
tail-and-stop-light brilliance. They are molded of 
PLEXIGLAS because it is the material for parts 
requiring functional beauty. 


PLEXIGLAS acrylic plastic parts have rich sparkling 
color, superior dimensional stability, and resistance 
to breakage, heat, and weather. That’s why you'll 
find PLexicLas used for a long list of molded parts 
throughout the automotive industry—lenses, 
medallions, instrument panels, hood and steering 
wheel ornaments, decorative bezels and escutcheons, 
speedometer, radio, clock and gauge dials. 





Learn what PLEXIGLAS can do for your molded 
decorative and functional parts. Write for our 
booklet, PLEx1GLAS MoLpinc Powpers. 


CHEMICALS FOR INDUSTRY 





Detroit Representatives W E. Biggzers and R. (¢ 


Oglesby, 728 Fisher Building, Detroit 2. Michigan 


aay Rod ROHM & HAAS 
Prexicias is a trade-mark, Reg. U. S. Pat. Off. and ¢ ay faa] Pm yg VY 
other principal countries in the Western Hemisphere. 

WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


Canadian Distributor: Crystal Glass & Plastics, Lid. Representatives in principal foreign countries 
130 Queen's Quay at Jarvis St., Toronto, Ontario, Canada 

















New Materials 
and Equipment 


Rubber-Modified Styrenes Feature High Impact Strength 


New high-impact resistant plastics de- 
veloped by Bakelite Co. Div. of Union 
Carbide and Carbon Corp., 122 E. 42nd 
St, New York 17, are said to give 
strength to molded parts with thin cross 
sections and are also extruded in thin 
tough sheets. Each of the three new 
formulations of styrene modified with 
rubber is easy to mold, extrude and ma- 
chine, and combines excellent electrical 
properties with the chemical resistance of 
Bakelite styrene plastic. 

The three grades have been designated 
as QMS-151, QMS-152 and QMS-155. 
Each grade varies slightly in the degree 
it includes these useful properties. For 
example: QMS-155 has the highest im- 
pact strength while 151 has the best 
moldability. 

Extruded in sheets about 0.025 in. in 


thickness, 155 is tough and flexible as it 
emerges from the extrusion die. Such 
sheeting is said to resist moisture, tear- 
ing and most chemicals. Its remarkable 
degree of impact resistance is demon 
strated in new extruded tubing made of 
155 and used in pipe and pipe fittings 
for farm water supply. Pipe and pipe 
fittings made of 155 or 152 are also said 
to resist abrasion, and their aging and 
weathering characteristics appear similar 
to those of Bakelite styrene. 

For injection molding of large pieces 
with thin cross sections, a third general- 
purpose grade of rubber-modified styrene 
plastic has been used with great success. 
White tefrigerator door liners, for ex- 
ample, are made of QMS-151. All three 
grades can be injection’ molded in con- 
ventional molding equipment. 





i 
? 
or 


The toughest of the new high-impact 

resistant plastics, QMS-155 can be ex- 

truded as black pipe or tubing for use in 
wells or farm water supply. 





This Teflon-impregnated glass fiber tubing 
is suitable for use with virtually every 
known chemical. 


Teflon-Impregnated Glass Fiber Successful in Thin Wall Tubing 


Completion of development work on 
Teflon-impregnated glass fiber tubing has 
been announced by Resistoflex Corp., 
Belleville, N. J. According to the com- 
pany, this construction provides for the 
first time the exceptional properties of 
Teflon in a thin wall tubing or pipe. 

The two materials used are said to 
complement each other, since glass fiber, 
like Teflon, has exceptional resistance to 
heat and chemicals. The Teflon makes 


the tubing suitable for use with virtually 
every known chemical. The glass fiber 
reinforces the plastic structure to provide 
rigidity and strength even in tubing with 
a wall section of only 0.030 in. 

It is expected that the chemical, ther- 
mal and electrical properties of the tub- 
ing will provide the answer to many 
problems in chemical processing piping, 
corrosion-proof conduit, and in other elec- 
tric and electronic applications. 





Welding Rods for Arc and Oxyacetylene Welding of Aluminum 


(wo new high-purity bare rods for arc 
x oxyacetylene welding of aluminum have 
anounced by All-State Welding Al- 
Co., Inc., White Plains, N. Y. The 
rods are identified as All-State X-43S 
ninum Rod, meeting government 
heation QQ-R-566 Type 1 Class FS- 
-43, and All-State X-2S Aluminum 
meeting government specification 
R-56 Type 1 Class FS-RAL-2. 


MAY, 1952 


The former is the cleanest of the high 
purity 43S aluminum rods and the latter 
is the cleanest of the high-purity 2S alum- 
inum rods. Their unusual cleanliness is 
due to the extrusion manufacture to the 
exact diameter required. Drawing and the 
possibility of minute surface inclusions of 
the drawing compound are completely eli- 
minated. 

These rods are designed for all work 


requiring 43S or 2S aluminum wire ap- 
plied with inert gas, normal arc or torch. 
Standard diameters include 1/16, 3/32, 
1/8, 3/16 and 1/4 in. Standard length 
is 36 in. and standard package is 50 lb 
Both rods are also packaged in coil form 
Special lengths can be obtained on order 

The rods are equally applicable with 
a.c. or d.c. welding equipment and oxy- 


acetylene welding equipment. 











New Materials and Equipment continues 





Radiography Sources for Nondestructive Testing 


Nineteen cobalt-60 radiography sources 
ranging in strength from 50 millicuries to 
25 curies have been developed by Tracer- 
lab, Inc., 130 High St., Boston. They are 
now available for use by foundries, heavy 
metal fabricators and welding shops. 

Because of the versatility and low cost, 
cobalt-60 offers an ideal means for the 
nondestructive inspection of metal objects 
for flaws. Gamma rays emitted by cobalt- 
60 have energies of 1.17 and 1.33 million 
electron volts, which correspond quite 
closely to the effective energy of a 2- 
million-volt x-ray machine. These energies 
are said to permit examination of steel 
from 4 to 6 in. without excessive ex- 
posure time. 

Sources are only 21 mm long by 10 


} 


mm wide, allowing them to be placed in 


side complex castings: are made of fet 


romagnetic stainless steel; have a large 
threaded hole to accept a remote handling 
rod; a small hole to allow handling with 
string; and have flats machined on each 
side to prevent rolling. 

The absorption coefficient of cobalt-60 
gamma rays and thus the exposure time 
for equivalent sources is very closely com- 
parable to that of radium. Also, cobalt- 
60 gamma ray energies are said to be 
sufficiently far above those of maximum 
scatter to give good radiographic sensi 
tivity without need for complicated block 
ing and filtering. 


— cs : } , 
This cobalt-60 source can be blacea wit 


in complex casting and Poider | MAa 


, 
‘ - softer tain 
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The brass ferrule and bronze latch at 
right were burnished for 30 min with 
Blue Magic Compound No. 11. 


Barrel Burnishing Powder for.Copper, Brass, Bronze and Alloys 


Developed especially to impart excellent 
color and fine finish to copper, brass, 
bronze, and copper alloy stampings, cast- 
ings and other parts that can be barrel 
tumbled, the new burnishing compound 
oftered by Blue Magic Chemical S pe cial- 
ties Co., 2135 Margaret St., Philadelphia 
24, also is said to work very well with 
certain die casting materials, including 
slush metals. 

The compound is a free-flowing pow- 
der, light in color, fast in operation and 


low in cost. It can be used with 
coated abrasives, quarried stones or othe: 
abrasives as well as with steel balls 
shapes and other generally used burnish 
ing media. 

Detergency and rinsibility are said to be 
outstanding characteristics of the new 
compound, and parts are claimed to leave 
the barrel free from chips, abrasives, 
sludge, oil traces or any other foreign 
matter that might impair subsequent plat- 
ing or other operations. 





Nickel-Plated Aluminum Finds Many Applications in Industry 


Development of a process for the nickel 
coating of aluminum, which finds many 
applications in industrial manufacturing, 
has been jointly announced by Hamilton 
Standard Div., United Aircraft Corp., E. 
Hartford, Conn., and the Bart Laboratories 
Co., Inc., Belleville, N. J. 

According to Bart Laboratories, the new 
process solves a major problern in the 
coating of aluminum with nickel to give 
a stress-free, hard, yet resilient coating. A 
synthetic rubber compound developed by 
Hamilton Standard is used to establish a 
bond, previously unattainable, between the 
aluminum and nickel plate. The process 


138 


is of major importance in _ protecting 
duralumin propeller blades from the pit- 
ting and eroding effect of spray thrown 
up in sea landings and takeoffs. Nickel- 
plated blades emerged from a special 
Navy testing program unscathed, while 
unplated blades were severely eroded. 
The developers of Alni-Clad claim that 
the bond between the organic synthetic 
base and the nickel has an extremely high 
adhesion or tensile strength and it will 
stand up under a wide range of tempera- 
tures. In the process, the bond material 
is sprayed onto aluminum to the required 
thickness. After drying, the piece is then 


plated with nickel by conventional means, 
the plate thickness depending upon re 
quirements. With present operational 
facilities, a component can be clad in 
approximately 24 hr. 

Satisfactory results are said to have been 
obtained with all aluminum alloys used to 
date. Finished pieces have a hardness of 
{00 to 450 Vickers and are stress fr 
Intricate designs can be given uniform a! 
accurate protection of interior and exterior 
surfaces with the process, and finished 
pieces have a semi-bright surface which 
can be polished chemically or mechanically 
to a high luster. 
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Chemical Treatment Destroys Rust and Phosphatizes Metal 


A new chemical treatment that is said 
to remove rust, tarnish and light oil, and 
to chemically prepare metals for paint, 
has been announced by Octagon Process, 
Inc.. 15 Bank St., Staten Island 1, N. Y. 
Known as Rustclean, the compound is 
claimed not only to clean the surfaces of 
steel, iron, aluminum, zinc and cadmium, 
but also to form a phosphate coating 
which serves as a base for the organic 
finishes. 

Several types of Rustclean are now 
available, each designed for different 
work. The two standard types are Rust- 
clean 12 and 15. Rustclean 12 is de- 
signed for a wipe-on process for large 
parts, or in plants whose equipment or 
production is limited. The best method 


of application is by sponge or brush. 
Rustclean 15 is a more concentrated 
compound which is used in an immersion 
process in a stainless steel vessel (recom- 
mended for use at elevated temperatures ) 
or tank line with rubber, polyethylene or 
asphalt. It is most effective when used at 
a temperature above 160 F. Standard 
procedure for cleaning dirty, heavily oiled, 
rusty parts is to preclean with Octagon 
400, an alkali cleaner, rinse, clean with 
the new compound, and rinse again. 
Rustclean types meet all military speci- 
fications. Two primary specifications are 
JAN-C-490, Grade 4 (Rustclean 151) and 
Grade 5 (Rustclean 152); and MIL-C- 
10578 (Ord), Type I (Rustclean 153) 
and Type II (Rustclean 121). The two 


New Materials and Equipment continues 





latter compounds are for immersion and 
wipe-on processes. 





Pipe Tee shown at left before treat- 
ment; at right, the same unit after Rust- 
cleaning is free of rust and scale, and has 
a corrosion resistant phos phate surface. 








e tubular rivets offer the rustproof, 
ion resistant advantages of zinc alloy 
construction. 


Small Die Cast Tubular Rivets Afford Economy 


Savings achieved through the exclusive 
die casting techniques of the Gries Repro- 
ducer Corp., 780 E. 133rd St., New York 
54, have made possible a new line of 
economically priced small zinc alloy tubu- 
lar and semi-tubular rivets. These new 
GRC rivets are said to offer the rust- 
proof, corrosion resistant advantages of 
zinc alloy construction. 

A tensile strength of 45,000 psi as- 
sures sufficient strength for low-stress 


applications not requiring the use of steel 
or brass. An exclusive company process 
permits the rivets to be die cast to close 
tolerances, thus achieving high uniformity. 

Standard sizes available for prompt 
delivery include diameters from 1/16 to 
9/64 in. and lengths up to 6/16 in., with 
oval or flat countersunk heads. Special 
very tiny sizes as well as ornamented head 
designs and extra large head diameters 
can be produced. 





Porous Stainless Steel Sheet for Filter Applications 


The Micro Metallic Corp., 30 Sea Cliff 
Ave., Glen Cove, N. Y., has announced 
availability of high tensile, smooth 
rface, porous stainless steel sheets 
which are expected to widen the applica- 
1 of Micro Metallic porous media into 
important new fields. 

[he new smooth surface porous ma- 
il is supplied with much higher me- 
nical properties—with sheer strengths 
the range of 60,000 psi. Surface 
thness is said to be comparable with 
ercial rolled stainless steel sheet 

nes. 
is anticipated that sheets of this type 
1edium will be of particular use in 
chemical industries where ready re- 
of collected solids is required. Ap 
ations would include use on rotary 
uum filters cleaned by blowback, on 
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vacuum plate filters, fluid catalyst filters 
where the cake is such that it is not 
readily discharged by blowback, and simi- 
lar solids collection service. High pres- 
sure filters, particularly those for aircraft 
service, can be constructed with less 
weight than heretofore. 

Flow capacities of this material range 
downward from 200 cfm of air per sq ft 
of filter surface at 10 psi differential pres- 
sure, or from 20 gpm per sq ft of water 
at 10 psi differential. Pore diameters 
ranging trom 20 microns down to zero 
can be supplied 

Porous material will be stocked in type 
304 stainless steel, but is available on 
special order in other stainless alloys, such 
as type 309, 316 and 347; also in nickel 
base alloys, such as monel, as well as 


cobalt-base Stellite L-605, which is of 


particular interest for high temperature 
service. 





Surface smoothness of this porous stain- 


le f Ske el she er is said 10 be com parabl. 
with commercial rolled stainless steel sheet 
finishes. 
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Lightweight Soldering Iron for Pinpoint, High-Speed Work 


A new standard-voltage, lightweight, 
soldering iron designed for pinpoint, high- 
speed soldering in close quarters, has been 
announced by the Industrial Heating 
Dept., General Electric Co., Schenectady 5. 

Expected to have wide application by 
radio, electronic and instrument manufac- 
turers, the iron features a long-lasting, 
iron-clad, corrosion resistant working sur- 
face which, according to company engi- 
neers, will bring about a reduction of 
maintenance costs and production line 
stoppages due to frequent changing of tips. 

The small, slender iron, which is 1014 


in. long, has a 5/16-in. shank and a 14-in. 
tip. The iron is heated by a G-E Calrod 
heater which protrudes into the tip, thus 
giving it an efficient heat transfer. This 
high heat efficiency is said to result in a 
quick heat-up and rapid recovery for the 
iron in operation. 


With all parts readily interchangeable 
for rapid repair, the iron’s tip and heater 
assembly are easily assembled and disas- 
sembled from the handle. In addition, 
the iron is equipped with a flanged plastic 
handle, so that it can be laid down tem- 
porarily without need of a stand. 










‘ ite WT EL 
This new standard-voltage, lightweigi 
soldering iron is designed for use by rad: 
electronic and instrument manufacturer 








After three weeks of normal plant expo- 
sure, the middle panel, cleaned with EC- 
51, showed no signs of rusting. The 
others rusted after two days under the 
same exposure conditions. 


Metal Cleaner Combines Detergent Action and Rust Protection 


Newest addition to the Pennsylvania 
Salt Manufacturing Co.’s (1000 Widner 
Bldg., Philadelphia 7) line of emulsion 
cleaners, Pennsalt EC-51, is a rust-inhibit- 
ing organic-type metal cleaner. The prod- 
uct combines powerful detergent action 
with a high degree of rust protection. 

Steel parts cleaned in Pennsalt EC-51 
are said to obtain protection from rusting 
up to 6 weeks under normal plant con- 
ditions. Even under unfavorable condi- 
tions, protection for two to three days can 


be expected. The new cleaner is said | 
be equally efficient in removing soil fro: 
all of the nonferrous metals without stain 
ing or etching. 

Noncaustic, nonexplosive, and harmless 
to the skin, the cleaner is used in con- 
centrated or diluted form, and can be 
applied by both spray and immersion 
methods. In spray cleaning, a dilution of 
from 50:1 to 100:1 will apply to prac- 
tically all cleaning and rust protection 
applications. 





Phosphatizing Compound for Steel and 


Kelite Products, Inc., 3401 W. Touhy 
Ave., Chicago 45, has announced a new 
powdered material, Kelite Keykote, de- 
veloped to phosphatize steel and iron and 
low concentrations. An unusually fine 
powder, the material operates in pH range 
as low as 3. 


lron at Low Concentrations 


No stainless steel equipment is required 
in the use of this product. Inexpensive 
black iron tanks can be employed which 
can be heated by immersion heaters, steam 
coils, or burners under tank. According 
to the company, the material will not 
“sludge out’. No screen is necessary in 


the immersion tanks, nor will there b 
any powder deposits remaining on the 
work. 

Keykote can be applied by either spray 
or immersion. It is especially compounded 
for rapid coatings, normal immersion be- 
ing 1 to 2 min. 








Total weight of Microhm Meter, includ- 
ing internal battery power supply, is 22 lb. 
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Instrument Checks Cleanliness of Sheet Before Welding 


One troublesome factor in the welding 
of aluminum sheet is the so-called ‘‘clean- 
liness’’ of the sheets as presented to the 
welding head. The surface electrical 
resistance, in microhms, is a measure of 
the effectiveness of the oxide removal or 
cleaning process employed. 

The new Model 151-S Microhm Meter, 
currently offered by J]. W. Dice Co., 1 
Engle St., Englewood, N. J., is said to 
readily measure the total surface resistance 
of two sheets, or coupons, when placed 





between two dummy electrodes. It can 
accurately measure a resistance as low 4s 
one millionth of an ohm, and the readings 
are practically instantaneous, according t 
the company. 

The instrument scale is 0-75 microhms 
and is linear. If it is mecessary to read 
higher resistance values than 75 mi- 
crohms, a selector switch cuts in various 
multipliers which permit taking measuré 
ments up to 750,000 microhms. 

(More News on page 144) 


MATERIALS & METHODS 
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‘PRESSURE FORMABLE SHEET 


More than plastic! More than rubber! Boltaron (6100 Series) 
combines many of the advantages of both these versatile materials 







































Amazing Formability — Heat Boltaron sheet 
to approximately 300°F. Use low-cost molds of 
wood, metal, or composition — simple or complex 
shapes . . . low-pressure or vacuum forming 
equipment for shallow draws, simple plug and 


















ring methods for deeper draws. a asm l Tem 
0 Tremendous Impact Resistance — A blow that —pecifie Gravity 70 einai io Fe ag 
' will dent sheet metal or shatter metal castings —fockwell Hardness MF — (2h mean 0 
S E —— ee 70 ath 5 
will leave Boltaron unharmed. A Boltaron tote ii ———e AE Steric nei Sai 
be box can be dropped from a second-story window e* a ot Rupture — 70 OCIS mee, >” 
mn without injury. eee ioe “ ao 70 | os 
of Ultimas ——_}. 10% Sodium —— 
c- Variety In Color, Size, and Thickness — extend ine wu _ i SS | as 
yn Boltaron can be produced in any color or shade, _ Young's Modulus — 1% Sodium 
and in mirror, matte, and grained finishes. nanan 70 | 250.000 | — = aa 
Colors wont scrape off because they are an Impact Strength (Izod) . fa —— 70 3 
= ‘ ‘ : ’ 70 (| 15 j 3 
integral part of the Boltaron sheet. Boltaron is (ft. Ibs./i Acetone , | 
available in standard sheets of 32“ x 62“ and =o) N ~fSehvble_| 
35" x 72”. in thickness from 1/32“ to 1/2”. (ft. Ibs./in. notch) 20 = 70 1s 
’ 10% Nitric Acig 
” Thorough technical service on Boltaron 
is ready for your use at the Bolta Engi- 
: neering Laboratories. 
‘ Service and More Service — Bolta’s designing 
and engineering staff, backed by many years of 
experience in the plastics field, is ready to work 
a with you! 
A special fabricating laboratory is in operation 
at the Bolta plant in Lawrence, Mass., for your 
benefit. Special molding and cutting techniques 
have been developed. 
“ All this engineering is available to you so that 
2 you can make the most efficient use of Boltaron. 
: If you do not do your own fabricating, Bolta 
can give you the name of a qualified fabricator 
7 in your vicinity. 
i. Let us answer your problem Write for 
1S : illustrated brochure: BOLTA, Box 314, 


Lawrence, Mass. 


Our Custom Molding Division specializes in injection and compression molding 
of all types. Write direct to this Division for full information 
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THE STEEL IMPROVEMENT & FORGE CO. 


Pioneers 
in 


Torging | 

















A background of experience in 
successfully producing forgings from 
Titanium and its alloys ranging in 
weight from several ounces to 450 pounds 


Our engineers will gladly 
work with you on your 


forging applications 





THE STEEL IMPROVEMENT & FORGE CO. 


970 EAST 64TH STREET ¢ CLEVELAND 3, OHIO 
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Special Rubber for Molding 
Diaphragms 


The Acushnet Process Co., New Bed 
ford, Mass., has developed special rubbe, 
stocks for molding diaphragms of jj 
types, with or without fabric inserts, fro, 
the size of a dime up to 3 ft. in 4; 





Special rubber compounds with proper 

that effectively resist fluids and gases, « 

treme high or low temperatures and pr 

longed flexing have been used to mak 
these diaphragms. 


These special stocks are compounded with 
properties that effectively resist fluids and 
gases, extreme high or low temperatures, 
prolonged flexing, or combinations of 
these requirements. 

The company is fully equipped to pro 
duce rubber diaphragms bonded to metal 


| All diaphragms are made on order to cu 








tomers’ specifications. 


New Die Casting Machines 
Increase Production 


Lake Erie Engineering Corp., 700 
Woodward Ave., Buffalo, has introduced 


| an improved line of die casting machines 


which incorporate two exclusive compan) 
features, the “Wedge Cam Toggle” and 
the ‘“Pressure-Pac” injection unit. The 
new models are said to increase production 
as much as 15 to 25%. 

The “Wedge Cam Toggle” is a sell 
compensating toggle clamp which auto- 
matically takes up clearances in the dies 
due to contraction and expansion of the 
molds during production or shut-down 
periods and, at the same time, engages 
and disengages easily without binding 
Lake Erie has accomplished this by using 
a circular cam contact surface together 


MATERIALS & METHODS 











American Brake Shoe Co. 

The American Laundry Machinery Co. 
Atlas Foundry Co. . . «© « «© « 
Banner Iron Works . ; 

Barnett Foundry & Machine Co. 

E. W. Bliss Co. ° 

Builders Iron Foundry . 

Compton Foundry . 
Continental Gin Co. . ‘oa 
Crawford & Doherty Recadry Co. 

The Cooper-Bessemer Corp. . . 
Empire Pattern & Foundry Co. . 
Farrel-Birmingham Co., Inc. . 
Florence Pipe Foundry & Machine Co. 
Fulton Foundry & Machine Co., Inc. 
General Foundry & Manufacturing Co. 
Greenlee Foundry Co. ° ‘ 
The Hamilton Foundry & Machine ‘Co. 
Hardinge Company, Inc. 

Hardinge Manufacturing Co. 

< Johnstone Foundries, Inc. . 
Kanawha Manufacturing Co. 

Lincoln Foundry Corp. 


d i. tee Ue sees 
¢ Otis Elevator Ce., Lid. . 
a The Henry Perkins ‘Co. 


Pohiman Foundry Co., Inc. 

Rosedale Foundry & Machine Co. 
Ross-Meehan Foundries . 
Shenango-Penn Mold Co. 

Sonith Industries, Inc. 

Standard Foundry Co. 

The Stearns-Roger Menebetterias Co. 
Traylor Engineering & Mfg. Co. 
Valley tron Works, Inc. 

Warren Foundry & Pipe Corporation 
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Take YOUR Casting Problem To 
A MEEHANITE FOUNDRY 


Mahwah, New lersey 
Rochester, New York 

. Detroit, Michigan 

St. Louis, Missouri 

° Irvington, New Jersey 
Hastings, Mich. and Canton, O. 
Providence, Rhode Island 
Compton, Calif. 

Birmingham, Alabama 

. Portland, Oregon 

Varnes, Ohio ead Grove City, Pa. 
. Tulsa, Oklahoma 

Ansonia, Connecticut 

Florence, New Jersey 
Cleveland, Ohio 

re Flint, Michigan 
se « e@ « « Gee, Deane 
Hamilton, Ohio 

New York, New York 

York, Pennsylvania 

« Grove City, Pennsylvania 

- « Charleston, West Virginia 
- « « Los Angeles, California 
. Orillia, Ontario 

- « « « Hamilton, Ontario 
. Bridgewater, Massachusetts 
Buffalo, New York 

. Pittsburgh, Pennsylvania 
Chattanooga, Tennessee 
Dover, Ohio 

Indianapolis, Ind. 

Worcester, Massachusetts 
Denver, Colorado 

. Allentown, Pennsylvania 

. St. Paul, Minnesota 
Phillipsburg, New Jersey 


**This advertisement sponsored by foundries listed above." 





Stamford, 


1E Dorrco V-type Diaphragm Pump (Fig. 1) manu- 
; ,oear by the Dorr Company, Conn., 
was designed for handling sludges, pulps or slimes which 
contain sizable quantities of solid material. In keeping 
with their international reputation as builders of de- 
pendable and efficient equipment, designed to provide 
better life 


the Dorr Company regularly designs to and specifies 


service under severe operating conditions, 
Meehanite engineering characteristics. 

Note that the Meehanite eastings (Fig, 2) used in this 
specific unit reveal the fact that every major component 
is a Meehanite casting. These castings provide the neces- 
sary strength, toughness and resistance to wear and cor- 
the service functions of such a 


rosion demanded by 


pump. 
Write 36 


which gives complete details not only on pump applica- 


for our new 20-page Pump Bulletin No. 
tions but various specific property tests as applied to 


impact, erosion, corrosion and wear. 


MEKHANITE 





MAY, 1952 








145 











rOR QUICK, 


ACCURATE 
STEEL 
SELECTION 





CTOCK LIST AND REFERENCE BOOK 


UNITED STATES STEEL 
SUPPLY DIVISION 


UNITED STATES STEEL COMPANY 


HEADQUARTERS OFFICES 


208 $0. ts SALLE STREET 


PHONE. 


* Chicago 4, WLiMots 













New Materials 














@ This easy-to-use, illustrated steel 
guide is packed with useful infor- 
mation and features: 

@ A list of steel, tool and machin- 
ery stocks with specifications and 
technical data on all steels includ- 
ing alternate and tentative stand- 
ard steels. 

@ Descriptions of applications of 


Alloy, Stainless and Carbon Steels 
plus a tubular product chart show- 
ing all types with characteristics 
and applications of each. 

@ Comprehensive reference charts 
and tables as well as 16 tabs for 
quick product reference and color 
sections for special products. 


@ Send now for this valuable book. 


UNITED STATES STEEL SUPPLY DIVISION 
UNITED STATES STEEL COMPANY, PITTSBURGH 
HEADQUARTERS: 208 So. LA SALLE ST., CHICAGO 4, ILL. 


WAREHOUSES COAST-TO-COAST: BALTIMORE - BOSTON - CHICAGO : CLEVELAND - LOS ANGELES 
MILWAUKEE - MOLINE, ILL. - NEWARK - PITTSBURGH - PORTLAND, ORE. 
ST. LOUIS - TWIN CITY (ST. PAUL) - SAN FRANCISCO - SEATTLE 
Sales Offices: 
INDIANAPOLIS - KANSAS CITY, MO. - PHILADELPHIA - PHOENIX 
ROCKFORD, ILL.-SALT LAKE CITY - SOUTH BEND~- TOLEDO~ TULSA~ YOUNGSTOWN 


MAIL COUPON TODAY 
FOR YOUR FREE COPY 


Fill in and mail the attached 


mea Name 
coupon and your 1952-53 
Stock List will be Title 
ivered shortly. is 
delivered shortly tees 
Street 


ee ne i ed 


|: 
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United States Steel Supply 

208 S. La Salle Street, Chicago 4, Illinois 
Gentlemen: Please send me, without obligation, 

a copy of your 1952-53 Stock List. 


— awe weris wee oe oe ee ee oe ee 


and Equipment 





This die casting machine incorporate 
many major improvements. 


with rolls which guide the toggles during 
engagement and disengagement. . 

With the introduction of the ‘Pressure 
Pac” injection unit, company engineers 
have proved that denser castings result, ; 
this new unit provides the necessary pres 
sure to feed the shrink or compress th 
porosity at the time of solidification of 
the metal. The unit is arranged for 2 t 
1 pressure increase, but the company has 
also designed special units for high 
ratios 

Other features of the new die casting 
machines include: simplified maintenance 
of all elements; faster job set-up; “jack 
screw’ pedestal mounting of the injection 
cylinder which facilitates faster change- 
over from high or low positions of the 
injection sleeve. Hydraulic core pulls can 
be operated on four sides of the platen 
and are controlled by an electrical inter 
lock which prevents die jam. 





The new line is available in ten mod 
ranging from 100- to 1000-ton capacity 
for casting all the usual nonferrous 1 


and alloys. 


Adhesive Developed for Silicone 
Treated Surfaces 


Silicone coated surfaces can now be 
strongly adhered with a new adh 
developed by Polymer Industries, Im 
11-08 30th Ave., Astoria, N. Y. Among 
the many features claimed for Glas-Welc 
is that it functions in high-speed gluing 
machines fully as well as the best stan 
adhesives. Even in the fastest bottle 1: 
ing, carton sealing, bag making and « 
gluing machines, the adhesives have | 
successfully operated on a comme 
basis. 

Silicone coated paper, wood, ceramics 
and metals have been successfully adhered 
with this new line of adhesives. The tre 
mendous possibilities inherent in such 


MATERIALS & METHODS 








KROPP FORGE COMPANY 


Chicago 50, Illinois 


SUBSIDIARIES: KROPP STEEL CO., Rockford, Illinois 
KROPP FORGE ORDNANCE CO., Melvindale, Michigan 
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IDEAS 


FOR SPEEDING PRODUCTION 


: ——__ SAVES 21 HOURS DAILY 
| | PRIOR TO RUBBERIZING 


To prepare the surfaces of metal parts 
for rubberizing, Reeves Rubber, Inc., re- 
placed costly, time-consuming air blast- 
ing with a Wheelabrator. Results: rub- 
ber adheres tenaciously to the Wheela- 
brator surface, preparation time slashed 
21 hours daily; cost saving of from 50% 
to 82%. 





CUTS CLEANING TIME 
86% FOR WELDMENTS 


The B. H. Aircraft Co. is currently us- 
ing the Wheelabrator for cleaning prior 
to the spot welding and/or silver braz- 
ing of pipe assemblies. The average time 
for cleaning is about 14% of the time 
for air blasting. 





WHEELABRATOR HAS 
UNLIMITED APPLICATIONS 


For example: Reducing porosity of die 
castings; Deflashing plastic molded 
parts; Surface preparation for galvan- 
izing, plating, enameling, glass coating, 
bonding; Improving deep drawing op- 
erations; Etching steel mill rolls; Re- 
moving mica from molded _ rubber; 
Cleaning castings and forgings. 





THE AMERICAN MOLDER 
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finishes are no longer being held bac 
through lack of suitable adhesives for the 
fabrications of bags, cartons, fiber boxes 
and cans. 

An interesting by-product of this new 
development is the application of the ad. 
hesives to difficult labeling conditions even 
where no silicone is present. In the past, 
many forms of glass offered unusual 
difficulty in adhesion, and no fully satis. 
factory adhesives adaptable to mass pro. 
duction labeling were available. The Glas. 
Weld adhesives were found to be adherent 
to such surfaces as well as to silicone 
finishes. 


Induction Furnace for High-Speed 


Production of Precision Castings 


Developed especially foz high-speed 
production of precision castings, a new 
mechanically operated induction furnace is 
currently being offered by Ajax Electro- 
thermic Corp., Trenton 5, N. J. Typical 
of high-performance parts being cast with 
the new units are jet engine vanes and 
blades, compressor parts and small ord 
nance components. 

Operation is said to be extremely sim- 
ple. At the end of the melting period (12 
min. for 5 lb of alloy steel) the pre 
heated mold or investment is clamped di 





This mew induction furnace transfer’ 
molten metal from furnace to mold in any 
pre-set cycle. 


MATERIALS & METHODS 

















@ The forging plant is ripe for mechaniza- 
tion. ‘Surface’ High Speed Heating fur- 
naces, already proved with bright per- 
formance records, help speed automation 


in production forging plants. Here’s why: 


‘Surface’ High Speed Heating means 
fewer pieces at temperature at one time. 
This permits close control of the work. 
Decarburization and grain growth are 
retarded; cleaning and machining costs 
are reduced with less embedded scale in 


the surface of the forging. 





THERE’S ECONOMY IN GAS! 


Electricity...... @ .0125¢ per KWH, $5.00 per Ton heated. 
OW. 6cdeics' @ 70c per million Btu, $4.60 per Ton heated. 
Den eii ints @, 47c per million Btu, $2.50 per Ton heated. 








Ss 


| B SURFACE COMBUSTION CORPORATION ° 
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TOLEDO 1, OHIO 


WITH ‘SURFACE’ 
HIGH SPEED HEATING 


NOTE ‘SURFACE’ AC 
in this ‘Surface’ Hig 
Heating installation in a 


shop of the future. 


—_ 


L ANNEAL 


YOU'LL HEAT PIECES UNIFORMLY AND AUTOMATICALLY from billet to billet with 


automatic cycles in a ‘Surface High Speed Heating Furnace. What’s more, 
you'll produce more forgings in the same space with less manpower. 


‘Surface’ High Speed Heating improves 
die life because of extremely thin scale, 
increases utilization of press equipment. 
Automation with ‘Surface’ High Speed 
Heating means space requirements 1/4 
to 1/3 those of conventional methods; 
plus a labor savings through automatic 
handling that ties in efficiently with 


automation elsewhere in the line. 


More descriptive data on the high speed 
combustion system, the furnace unit, 
application, and comparative costs are 


available at your request. 


Write Today for 
Bulletin SC-144 
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FARM IMPLEMENT AIRCRAFT eel bai iiiedie). 
RE-DESIGNED Original Design RE-DESIGNED 


MILITARY MACH. TOOL 








OIL MINING d 
RE-DESIGNED Original Design RE-DESIGNED Original Design 


ENGINEER! ING TRANSPORATION 
RE-DESIGNED 
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“wot BY UNITCAST 





IS YOUR INDUSTRY REPRESENTED ? 
UNITCAST sales engineers and technical staff backed 


with 30 plus years of practical “‘know how’”’ are daily 
offering suggestions or advice on casting problems to 

ASSURE our customers the best. Why not let your prob- 
ca become OURS to solve 

INDIVIDUAL attention is given to EACH casting 
from the blue print stage through all phases of produc- 
tion before releasing the pattern for construction. CON- 
STANT follow up BOTH at Unitcast foundries and in 
the customer’s plant serve to assure the ULTIMATE in 
complete acceptance of Unitcastings. 


It is our desire,to be the guardian of your good name. 
Specify -UNITCASTINGS for more consistently TOP 
QUALITY CASTINGS. .. in less time and at less fin- 


ished cost. 


Give us a chance to offer'a “cast 





UNITCAST 


stcel’’ answer for your parts prob- 
lem. Our suggestions while your 
product is in the design stage will 


QUALITY STEEL CASTINGS [tue 


Write or call today. Unitcast 





Corporation, Steel Casting Divi- 
sion, Toledo 9, Ohio. In Canada 
Canadian-Unitcast Steel, Led., 
Sherbrooke, Quebec. 





UNITCASTINGS ARE FOUNDRY ENGINEERED 
\ 150 
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rectly to the top of the crucible with , 
specially-fitted mold-holder. Operation of 
a centrol lever causes the furnace to fo. 
tate to pouring position. The molten 
metal fills the mold at the most desirable 
pouring rate, insuring absolutely uniform 
precision castings in melt after melt with 
a minimum of skilled labor. 

Induction furnaces are especially suited 
for melting the complex alloys common to 
high-temperature and corrosion resistant 
applicatigns. Temperature and analysis 
can be controlled within extremely close 
limits. The electro-magnetic stirring ac. 
tion common to induction furnaces assures 
even distribution of elements throughout 
the melt. Since there are no carbon elec. 
trodes, there is no chance for carbon con- 
tamination. 

The new furnace is powered by a stand 
ard Ajax-Northrup 20-kw mercury hydr 
gen type converter, and operates at 
frequency of about 30,000 cycles. The con- 
verter can also be used to power other 
melting furnaces, or for various types of 
heating equipment for heat treating, braz 
ing, etc. 


Steam Cleaning Compound 
Contains No Alkaline Salts 


Magnus Chemical Co., South Ave., 
Garwood, N. J., has announced a new 
type of steam cleaning compound which 
is said to greatly improve the cleaning 
operation wherever steam or vapor clean- 
ing is carried on. 

The compound contains no alkaline 
salts, an important fact, since it removes 
a serious hazard common to all steam 
cleaning compounds containing alkalin¢ 
materials—the conductivity of their solu 
tions and their residues. 

Other advantages claimed for the com- 
pound are: It is neutral in reaction; it 
will not dull or streak any good paint; it 
is noncorrosive. Aluminum and other soft 
metals which are attacked by alkaline salts 
are untouched by Magnus 72. The com 
pound is an exceptionally fast and thor 
ough cleaner, and is recommended for use 
wherever steam or vapor cleaning equip 
ment is in service, without change in set 
up. Applications include cleaning aut 
motive engines and chassis, airplanes, rail 
road equipment, factory production m: 
chines, paper mill equipment and othe 
oily or greasy metal parts. 

In using the compound, two to thre 
quarts of the concentrate are poured int: 
the tank of the steam cleaning machin« 


MATERIALS & METHODS 
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BRASS CO. ALLOYS FOR AVIATION’S TOUGHEST APPLICATIONS ¥ 


¥ 
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“8037 Mueller Brass Co. "803” metal is a high silicon iron-copper bronze that is 
ideally suited for many difficult applications in jet aircraft. “803” metal has unusu- 
ally good machinability, and it is extremely ductile. It is non-galling and has 
excellent mechanical properties at temperatures up to 500°F., factors that account 
for its wide use as roller bearing cages and other specialty parts in jet engines. 


“600” SERIES ¢ "600" series are high strength bearing bronzes that do not con- 
tain any hard-to-get tin. They can be forged into relatively complicated shapes 
that are closer to size and require less machining than sand castings. “600” series 
metals have a low coefficient of friction and a tensile strength 22 times that of 
the cast phosphor bronzes. They are highly resistant to wear and corrosion. These 
properties make “600” series highly desirable for use as parts on hydraulic equip- 
ment, actuators and instruments in jet aircraft. “600” series metals are available 
in standard or special extruded shapes up to 12° mill lengths. There is a “600” 
series alloy to suit your special bearing metal needs. 


TUF-STUF © Mueller Brass Co. TUF-STUF aluminum bronze alloys have found wide 
acceptance for jet aircraft parts like the rotor for hydraulic pumps and other 
vital jet engine parts that must stand up. TUF-STUF alloys are corrosion resistant 

. strong and light and extremely long-wearing. They resist oxidation, even at 
high temperatures. TUF-STUF alloys are available in the form of forgings, rods 
and screw machine parts. They fill Federal Specification QQ-B-666, Grade B, 


and several other variations. 


For complete information about “803” metal, the “600” series alloys and 
TUF-STUF, write today to 


MUELLER -BRASS Co. PORT HURON 20, MICHIGAN 


’ 
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Blast Cleaning Cabinet quickly 
and easily cleans rust, grime, dirt, 
paint, etc.,from metal parts. Produces a 
clean, smooth surface on pieces up to 
60” x 36’’. Models available from 
$319.00 and up. 





Blast Cleaning Machine not only removes rust, 
dirt, scale, etc., but is ideal for maintenance and many 
other uses. Cleans large objects such as bridges, 
structural work, tanks before painting. Six sizes, 
portable or stationary, from $170.00 and up. 


Unit Dust Collector stops dust at its source, 
minimizes machine wear and tear, reduces 
housekeeping and general maintenance 
costs. Solves many grinding and pol- 
ishing nuisances. Reduces material 
losses. Models from $286.00 and up. 








Hydro-Finish Cabinet uses liquid blast, eliminating 
dust, and reduces costly hand polishing, cleaning and 
finishing of molds, dies, tools, etc. Removes scale, 
discoloration and directional grinding lines, prepares 
surfaces for plating and coating. Holds tolerances tc 
.0001’". Models from $1,410.00 and up. 








Sie 97) = . Rs | oe * 
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ay ~ =’ PANGBORN CORP., 1700 Pangborn Bivd., Hagerstown, Md. 
information 
1 Blast Cleaning Gentlemen: Please send me more information on the equipment I've checked at 
L Cabinets the left. 
x | Blast Cleaning NMG. cc ccccccesocreccccccceeseesecccereseseseepenesccecceesonones 
Machines 
a Unit Dust Compony CRE RRR EEE ERE TERETE HEHEHE ERE EEE EE EES ** 
Collectors , NOD oka. 6 0 0:0 06900646 > hme oer te 6 as b Ob oe CAN ed 606 ee Rese 
Hydro-Finish 4 
\ LC] Cabinets Gy edeecvecsseccevcts ccsesedsesedssceocorie BONG ssctoscs Sfal@sccscece é 
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and the tank filled with water. Where 
solution tank is separate, it is recom. 
mended to mix two to three quarts of the 
compound with 50 gal. of water. 


Spring Tester Provides Closer 
Control in Production 
of Coiled Springs 


A new spring testing machine designed 
to meet the demand for closer control in 
the production of coiled springs has been 
placed in production by The Torrington 
Manufacturing Co., Box 808, Torrington, 
Features of the tester are that it 


Conn. 






This spring tester features a high degree 
of sensitivity. 

is relatively inexpensive, simple to use and 

has a high degree of sensitivity. 

While the unit is designed to be 4 
rugged production instrument, it is, at 
the same time, a sensitive device designed 
to meet new methods of quality control 
measurement on products in production. 
It can be used at the operating level by 
relatively inexperienced personnel. An- 
other particular advantage claimed for the 
tester is that it measures springs under 
conditions similar to final usage. 

Other uses for the unit beyond the 
primary use of load testing include: de- 
termining the spring gradient, for a check 
of free height in relation to load, and for 
the effect of wire size on load. The de- 
termination of closeout load when 4p- 
proaching solid height can be readily 
made. It is particularly valuable for 
measuring initial tension in extension 
springs and can also be used for check- 
ing the effect of heat treatment and plat- 
ing. Too, it is said to permit the gath- 
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At the 


dine Bronze Foundry 
Baldwinsville, N. Y. 


Castings for milk bottling ma- 
ines... tanks and submarines... 
¢ conditioning and refrigeration 
uipment . . . and lots more! The 
dine Bronze Foundry cleans 
ym all efficiently in a Pangborn 
oTOBLAST® Table-Room! 


Jardine originally purchased its 
angborn Table-Room to speed up 
reduction. Once in use, the Table- 
bom more than proved its worth 
y slashing grinding operation 
sts 30% .:. due to the amazing 


ficiency of the blast cleaning job! Pangborn Table loadings up to 
: : 1500 Ibs. are blast cleaned in 


4 minutes at Jardine. 





Find out how you can speed pro- 

ution and save money too! 

here’s a modern, economical, effi- 

ett Roros.tast Barrel, Room, Jardine Reports: 

able or Table-Room especially @Cleaning efficiency 

signed to solve every blast clean- makes possible 30% 

gproblem. . . including yours! For savings in grinding 

complete facts, write today for cprerane 

ulletin 214. Address: PANGBORN Cant ae 

ORP, 1700 Shite Mtovard with table loadings 
gbo ulevard, 


: of 1500 Ibs.! 
hagerstown, Maryland. @Blasting for just 4 


minutes does the 
Look to Pangborn for the job! 


lest developments in Blast Cleaning 
nd Dust Control equipment 


Bronze castings, before and after 
VER 28,000 PANGBORN MACHINES SERVI NG INDUSTRY cleaning with Rotoblast, show amazing 


efficiency of the Pangborn Table-Room. 


ROTOBLAST... 


SAVES LABOR with push-but- 
ton operation 

SAVES SPACE because ma- 
chines are compact 


BLA ST CLEANS SAVES TIMED y cleaning more 


loads per day 
CHEAPER SAVES POWERsince no com- 
pressor is needed 
SAVES TOOLS because all 
scale is removed 
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THE STANDARD TUBE CO. 


Detroitz, ' 


Michigan 


LANDAR» 


Fabricated Parts 


Welded Tubing 


1? Poys 


STANDARDIZE with STANDARD 
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ering of data on spring coiler capabjlin 
so that the design of springs can be kept 
within the practical limits of the coile;'s 
performance. 

The tester is essentially an even balance 
weighing scale mounted on a base, with 
a sponge rubber pad underneath to minj. 
mize vibration. The scale has a built-in 
dashpot to dampen the oscillation of th, 
pointer and pans in testing. Behind the 
weighing pans are mounted standards 
which support the spring length measyr. 
ing devices. 

On the two models in production, the 
smaller measures a load up to the nearest 
one-hundredth of an ounce and to a ca- 
pacity of 3 lb. The larger model measure 
loads to the nearest fifth of an ounce ur 
to 16 Ib. . 


Thermoplastic Molding Compound 
Retains Toughness at Low 
Temperatures 


Development of a new thermoplastic 
molding and extrusion compound, which 
is said to retain its toughness and high 
impact strength at temperatures as low as 

-60 F, has been announced by th 
Naugatuck Chemical Div., U. S. Rubi 
Co., Rockefeller Center, New York 2 

The new material, known as Kralasti 
J, is a styrene copolymer. Its initial uses 
are expected to be primarily military ap- 
plications where a plastic with low tem- 
perature toughness is required. Possible 
applications include military equipment 
for Arctic use and for aircraft which reach 
low temperatures at high altitudes. 


Industrial Electric Heaters Offer 
Many Improvements 


Improvement of two Chromalox in 
dustrial electric heaters used in the chem 
ical, plastics, paint, metal working 
finishing industries has been announced bj 
Edwin L. Wiegand Co., 7523 Thomas 
Blvd., Pittsburgh 8. Design of the Chrom 
alox type TBL electric tank heater now 
includes a vapor-tight terminal box as 4 
standard feature. Heavy duty tubular ele- 
ments are welded to the sealed, electrical 
connection housing, and the wiring ‘5 
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HOW THE COMMUNICATIONS 
INDUSTRY BENEFITS FROM 


hock-Resistant- 


Here’s a case where the high internal resilience of shock- 
resistant General Electric rubber-phenolic compounds 
helped solve a troublesome cracking problem. 

When conventional wood fiour-filled phenolics were used 
for telephone cable terminal binding post strips, it was 
necessary to support the post strips with metal brackets to 
minimize cracking from mechanical and electric shock—an 
expensive solution and one which was detrimental to good 
insulation. 

Cracking Minimized ! By a simple switch to G-E rubber-phenolic wood flour- 
Bindi ae oe filled compounds, these costly and hazardous metal brackets 
inding post terminal strips and! ry ee 
in this telephone cable were eliminated. This highly resilient plastics has the 
terminal are now molded of strength and flexibility to withstand the mechanical and 
resilient G-E rubber- electric shock . . . provides better insulation at lower cost. 
phenolics—for Reliable This is a typical example of how resilient G-E rubber- 
Electric Company. phenolics—which have more than five times the shock- 
Kellog Switchboard and resistance of conventional phenolic materials—work suc- 
Supply Co. is the molder. cessfully where ordinary impact materials fail. Designers 
and molders are using them for a wide variety of industrial 
applications—textile bobbins, business machine parts, ap- 
pliance handles—to name a few. 





For more information about this rugged family 
of plastics, write today for a free copy of “New 
Rubber-Phenolic Materials for Greater Impact 
Strength.” Address: General Electric Company, 
Section H-2, Chemical Division, Pittsfield, Mass. 


Yu care frit’ poe confidence in — 
GENERAL @@ ELECTRIC 
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DROP FORGING 


ASSOCIATION 


605 HANNA BLOG. » CLEVELAND 15, OHIO 
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Forgings fortify a mechanism 


with a factor of greater safety 
that is otherwise unobtain- 
able... There is no substitute 
for the toughness and strength 
inherent in the compact, fiber- 
like flow line structure of 
closed die forgings. Consult a 
Forging Engineer about the 
correct combination of mechan- 
ical properties which forgings 
can provide for your product. 


Engineering, 
production and 
economic advan- 


tages obtainable with 
forgings are presented 
in this Reference Book 
on forgings. Write 
for a copy. 


en ee 
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Please send 60-page booklet entitled ‘‘Metal 
Quality — How Hot Working Improves 
Properties of Metal’’, 1949 Edition. 




















This TBL electric tank heater is avail. 
able with ratings from 3 to 7.5 kw. 


brought out to the terminal box through 
a thick-walled steel pipe. 

The new construction is intended ¢ 
give longer, safer usage of the units in 
the presence of corrosive and penetrating 
vapors. Typical uses are in metal work 
ing for heating, oil tempering and caustic 
soda degreasing baths; in foundries, wire 
manufacturing, molding, stereotyping, fo: 
melting tin, babbitt, solder, and similar 
soft metals; in the chemical and plastics 
industries for heating transfer mediums, 
such as molten salt, lead, or oil. The 
units are available in steel, alloy or stain- 
less with ratings from 3 to 7.5 kw. 
Heated height ranges from 114% to 43%, 
in. and length of feet from 13 7/16 in 
to 25 9/16 in. 

The type ARMT screw-plug unit with 
explosion-proof or vapor-tight terminal 
box is also available with wider built-in 
thermostatic range. With brass or copper 
construction for water heating, the rang 
is from 50 to 250 F; with steel for oil 
heating, it is 150 to 550 F. The type usec 
for oil heating has a reduced heat inten 
sity to prevent carbonization of oil on the 
sheath of the heater. This type of heater 
is used for process heating in oil refining, 
paint, chemical and plastics manufactur- 
ing. It is available with 2- and 214 in. 
standard pipe thread fittings in ratings 
from 1.5 to 10 kw. 


Surface Thermometer Provides 
Rapid Temperature Checks 


Pacific Transducer Co., 11921 W. P 
Blvd., Los Angeles 64, has announced 4 
new surface temperature thermometer fo! 
the fast and accurate checking of the out 
side temperatures of pipes, plastic dies 
and rubber molds; for checking externa! 
temperatures for wall leakage of refrigera- 
tors, cold chambers and freezers; for 
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DRIVER-HARRIS ANNOUNCES... 









Resistance Wire 
COILING MACHINE 
1 Roling Action 











Synchronize 
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As producers of the world famous “Nichrome”* and other outstanding 
electric heating and resistance alloys, Driver-Harris engineers are inter- 
ested in obtaining application results commensurate with the exceptional 
advantages their alloys afford. Therefore they have developed a new coiling 
machine which eliminates wire coiling faults—especially coil irregularity 
due to work-hardened areas produced during coil formation. 


Seeeeerere. SSAA SARAARARARAR Ary 
TELL Lo kkk thee eee ee ee 
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Note even spacing between turns of | 


This new machine is the result of knowledge accumulated during forty Oise DEES 


years of close association with wire coiling problems. Its revolutionary 
principle of operation—the synchronized rolling action of all coiling parts— 
results in vastly improved performance over that of any other type machine. 


Product of long study and a thorough knowledge of the requirements of EN 


the industry, this Driver-Harris unit— aS ys 


; 


SS N 
. BON 


(1) handles the full range of resistance wire coiling normally required, close or 
open winding (and can be adapted for twin wire coiling) ; 


(2) cuts coil ends clean on all sizes, close or open wound; 


(3) maintains resistance accuracy of cut coils at all times by photo-electric 
control (variation not exceeding + 1%); 


(4) affords the lowest operational and maintenance costs of any comparable a a a 


oa . No burring or 
coiling machine. 


twisting of wire. 


Standard Model coils #20 to 436 B&S gauge wire. Units for other gauges 
built to order. Send for illustrated Bulletin C-52, giving full information. 


*T.M. Reg. U.S. Pat. Off, 


Driver-Harris Company 
HARRISON, NEW JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, los Angeles, San Francisco 
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checking the temperatures of journals ang 
other bearings, electric motors and clip. 
der blocks; also for the checking of tes). 
dential and industrial wall, ceiling and 
floor temperatures. 

The instrument can be quickly and eas. 
ily affixed to any flat surface by applying 
a small amount of silicone grease, which 
is supplied with the instrument, and 
sticking the thermometer in place. This 
silicone grease does not melt and so holds 
the instrument throughout all ranges of 
temperature, providing an excellent ther. 
mal coupling between the surface to be 
measured and the instrument. 

The company also furnishes a small 
magnetic clamp which will hold it secure. 
ly in place when applying it on steel dies 
or other ferrous surfaces. The thermome. 
ter can be placed on pipes carrying heated 
or cooled liquid by affixing it in place by 
either the clamp or the grease. 

According to the company, the instrv- 
ment has been thermodynamically de- 
signed to produce an essentially uni 
lateral thermal instrument which indicates 
the temperature from the back of the in- 
strument only. A highly reflective evapo- 
rated mirror on the dial insures the ther- 
mal element against external radiation. 
The range is 0 to 300 F calibrated in 2- 
deg. increments. 





Gas Filled Metal Rings for 
Static Seals 


United Aircraft Products, Inc., 1160 
Bolander Ave., Dayton, Ohio, has come 
up with a new answer to static sealing 
requirements in almost every industry 
UAP/Willis Metallic O-Rings are perma- 
nent, easily installed, hollow metal tubing 
rings filled with inert gas at 600 psi. They 
are said to offer positive metal-to-metal 





& 

These metallic o-rings offer positive metal 

to-metal static seals wherever problems of 

heat, pressure, corrosive liquids or gases 
are involved. 
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THE HOW, WHEN and WHERE 


If you need air for heat treating, or large volumes of air for cooling, 
0 drying, or chemical agitation, you need these two new Spencer Data Books. 
No. 107-C The Turbo Compressor Data Book gives a wealth of experi- 


0 § encer ence in pneumatic engineering, including orifice equivalents, equalization 
| p of pipes, effect of pressures and altitudes and friction losses. 


y Fy ° No. 126-A describes the Spencer Turbo-Compressor, lists more than 
| Tur © Air- 160 standard capacities from 1/3 h.p. up, including electric, gas engine, 
turbine and belt driven units. 


With these books, you can apply Spencer Turbos to any of the more 
than twenty industrial uses illustrated and described. Much of this informa- 


tion is new. Ask for your copies now. a 


35 TO 20,000 C.F.M.; 4 OZ. TO 10 LBS.; 1/3 TO 1,000 H.P. 






THE SPENCER TURBINE COMPANY © HARTFORD 6, CONNECTICUT 


SPENCER 


HARTFORD 
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Are you SURE 
you re using 
THE MOST 

EFFICIENT FINISH? 


If your production involves 
finishing zinc, cadmium, 
aluminum or cuprous metals, 
you owe it to yourself... 
and your customers... 

to investigate 


for on any of these metals Iridite gives you a high per- 
formance finish at a low cost from a simple chemical dip. 


IF YOU WANT HIGH CORROSION RESISTANCE, 
you'll find an Iridite that will meet any military or civilian 


specifications for chromate finishing. 


IF PAINT ADHERENCE IS IMPORTANT, 


you'll find Iridite prevents underfilm corrosion and soap 


formation. 


OR, FOR BRIGHT, DECORATIVE FINISHES- 


investigate zinc plate and Iridite (Bright) for a chrome-like 
decorative finish with more corrosion protection than con- 
ventional chrome plating .. . or Iridite (Metcote) as a treat- 
ment for copper that eliminates the need for buffing in the 


copper-chrome system; produces a sparkling bright finish! 


) 


j 


Aiiico Researcw Prooucrs 


INCORPORATED 
4004-06 E. MONUMENT STREET @ BALTIMORE 5, MD 
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static seals wherever problems of hea; 
presssure, corrosive liquids or gases are 
involved. 

The rings are dimensionally stable 
under heat or cold, are not affected b, 
age, and are impervious to oils, gases 
aromatic mixtures. They can be installed 
in present ring grooves, in free machined 
recesses, Or with a special compression 
limiting device which can be incorporated 
in the ring. They can be installed withou 
grooves or recesses. They are also said to 
hold against pressures as high as 20,000 
psi and withstand temperatures limited 
only by the physicals of the metal. 

Invented and used in England for many 
years, the rings have proved successful in 
high compression diesel engines, air con 
pressor and vacuum equipment, all types 
of fuel and exhaust systems, retractabk 
undercarriages and other hydraulic appli 
cations, as well as a host of marin 
automotive and aircraft specialized app! 
cations 

Standard rings of stainless steel, n 
steel cadmium or nickel plated are avail 
able now in experimental quantities 
sizes ranging from 11/16 to 40 in. OD 
in increments of 1/16 in. 


Hard Chromium Plating Unit 
ls Self Contained 


The Cro-Plate Co., 747 Windsor St 
Hartford 5, Conn., has announced the 
availability of a new self-contained pre- 
cision hard chromium plating unit, said 
to be capable of meeting all electroplating 
requirements. With this plater, shops 
large or small can effect immediate and 
substantial savings by doing their own 
plating on their premises. Tests prove 
that cutting tools, gages, dies, molds and 
machine wear parts average 300% longer 
life, when chromium plated, than non 
plated counterparts. 

The bench model plater requires a spac 
of only 2 by 3 ft, yet all controls, tran: 
formers, rectifiers, switches and heating 
elements, including the plating tank, a! 
contained within the unit. A_ curre! 
source and duct outlet are the only co! 
nections required for immediate operatio: 

Construction of the Cro-Plater 100 
angle-iron for rigidity. The tank is lea 
lined Armco iron, and this lining can b 
changed for the plating of other metal 
Tank heating is accomplished by easily 
removed 1500-watt electric heaters. Recti- 
fiers are horizontally-forced air cooled by 


MATERIALS & METHODS 




















Totally enclosed, dirt and 
dust-proof “Zerominder” 
dial gauge 


Gripsel clamp screw for 
quick change and proper 
seating of penetrator 


0 
2 
es All controls grouped con- 
4 
5 





veniently 


Enclosed, easy-to-reach 
variable speed dash pot 





Standardized weights 





3. 


‘s J-Model 
“ROCKWELL” Hardness Tester 


5 Important “ROCKWELL” Features 


You can be sure of the hardness of incoming metals and the various 
parts or products you ship to your customers if you use a WILSON “‘ROCK- 
WELL” Hardness Tester. Only in the WILSON will you find these five 
important features which assure accuracy and ease of operation. 

There are two types of WILSON “‘FROCKWELL” Hardness Testers... 
Regular and Superficial. They come in many styles with accessories for test- 


ing flats, rods, rounds, and odd shapes. For micro-indentation hardness 
testing, there is the WILSON TUKON. 





















*Trade Mark Registered 






WILSON 
“ROCKWELL” 
and TUKON 


WILSON MECHANICAL INSTRUMENT DIVISION Hardness 
AMERICAN CHAIN & CABLE Testers 





co Write for information and let us make recommendations 


230-E Park Avenue, New York 17, N. Y. 
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Ingersoll 


ry el-14ie] 1b 4-1-1 





This hard chromium plating unit is said 
to be capable of meeting all electro-plating 
requirements. 


a fan, and bath temperature is thermosta 
tically-controlled. All circuits are over 
load-protected with self-resetting, heate 
type switches. The unit provides a rectify 
source of d.c. power up to 100 amp 

0 to 12 v. 


Heat-Kesisting 
STEELS 


Fiber Glass Plastic Sheet Available 
in Fractional Dimensions 


Broad increase in size range of A3A 
fiber glass plastic sheet material has been 
announced by The Dynakon Corp., 5509 
Hough Ave., Cleveland 3. Previously, 
thickness range was in only four sizes to 
1/, in. Now, sheet is available in fractional 
dimensions from 1/16 to 114 in. thick by 
18 by 28 in. Special sizes to 2Y2 in. are 
also available. 

The material has unusual electrical and 
chemical properties as well as _ high 
strength. Tensile is 11,900 psi; compres- 
sive strength, 14,300; impact is 10.3 ft-lb; 
dielectric, 325 v per mil; arc resistance, 
120 sec; and moisture absorption is only 
0.39%. The material is also resistant to 
mild alkalies and most acids and salts. 





Rubber-Phenolic Varnish Provides 
High Impact, Greater Flexibility 


A new rubber-phenolic varnish whic! 
is said to permit the manufacture of lam 
nated plastics having two to three tim« 


Ingersoll STEEL DIVISION lie having ; 
the impact strength of those made wi 


BORG-WARNER CORPORATION conventional varnishes has been a! 


310 South Michigan Avenue, Chicago 4, Illinois eouniaatl nounced by the Chemical Div., Genera 
Plant: New Castle, Indiana | Electric Co., Pittsfield, Mass. 12359 ha: 
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AY 


NOW 


REMove Rust FAST 
WITHOUT ACIDS! | 


ALKALINE DERUSTING COMPOUND 134 


Do You Know What This Means? 


Absolutely no tarnishing, etching or darkening of steel during 
derusting. 


Clean and derust in one operation. 
Reclaim rusty tools, gears and delicate threaded parts. 
No acid or corrosive fumes around. 


Greater adhesion of chromium, silver and nickel electrodeposits — 
also vitreous enamels. 


Derust high carbon steel, cast and malleable iron and leave a 
white clean surface. 


Derust coppered, galvanized and tinned surfaces without strip- 
ping the copper, zinc or tin, e. g. milk cans. 


Pickle fast at room temperature. 


Clean, derust and deposit zinc or cadmium plate in one operation. 


Write for literature on this new discovery and also get the 
Enthone check list of 60 new research products for metal finishing. 


EN at HO N E ELECTROPLATING 


CHEMICALS 


METAL FINISHING 
PROCESSES 


142 ELM STREET 
NEW HAVEN, CONNECTICUT 
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in TEFLON 


Uniform 


STRENGTH 


Uniform f 


DENSITY 


Uniform 
“MEMORY” 


Uniform 


DIMENSIONS 


Uniform 


~ MACHINABILITY 





You'll have all these properties 


with FLUOROFLEX-T° 


& “Teflon” powder is converted into Fluorofiex-T rod, sheet and tube 
under rigid control, on specially designed equipment, to develop optimum 
inertness and stability in this material. Fluoroflex-T assures the ideal, low 
loss insulation for uhf and microwave applications . . , components which 
are impervious to virtually every known chemical .. . and serviceability 
through temperatures from —90° F to +500° F. 

Produced in uniform diameters, Fluoroflex-T rods feed properly in 
automatic screw machines without the costly time and material waste of 
centerless grinding. Tubes are concentric — permitting easier boring and 
reaming. Parts are free from internal strain, cracks, or porosity. 

For maximum quality in Teflon, be sure to specify Fluoroflex-T. 


*DuPont trade mark for its tetrafluoroethylene resin. 
® Resistoflex trade mark for products from fluorocarbon resins. 


“‘Fluoroflex’’ means the best in Fluorocarbons 


RESISTOFLEX 


CORPORATION 





gases ort l™ 
ett 


RESISTOFLEX CORPORATION, Belleville 9, N. J. M5 


4 SEND NEW BULLETIN containing technical data and information on 
— Fluoroflex-T. 
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ADDRESS 
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How to tell Quality 
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Laminates made with the new 

phenolic varnish have outstanding 

bility and resistance to impact. Her 

rubber-phenolic laminates are flexed wit! 
out breaking. 


rubbe 


been formulated to tackle tough mechani 
cal applications where higher impact ar 
greater flexibility and toughness are 1 
quired. Gears, shuttles, tubing and cast 
wheels are representative of the job: 
where rubber-phenolic laminates are ex 
pected to make contributions. 

The new product is said to enable 
phenolics to enter the paper-coating field 
Heretofore, phenolics have been consid- 
ered too brittle for this use. Tests indicate, 
however, that rubber-phenolic varnishes 
applied to paper for packaging give in 
creased strength and improved resistan 
to moisture. 


Low Magnification Strain 
Instruments for Large 
Motions 


Tinius Olsen Testing Machine C 
1054 Easton Rd., Willow Grove, Pa., 1s 
currently offering a new line of C-Typ« 
low magnification strain instrument 
which are used to detect large motions 
of specimen deformation in tension, com 
pression and flexure testing. The C! 
instrument has three magnifications of 10 
20 and 40; the C-2 provides magnifica 
tions of 1, 2 and 4; the C-3 provid 
magnifications of 244, 5 and 10. W 
used in conjunction with the S-Type « 
tensometer, complete stress-strain cur 
can be produced automatically with 
stopping tests. 

The instruments transmit signals 
means of special Atcotran differential 
transformers which rotate the recorder 
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e Plastics and plastic-metal 
combinations are opening 
new fields in design as 
illustrated by these few of 
many assemblies made by 
Auto-Lite. Here under one 
roof at Auto-Lite’s great Bay Manu- 
facturing Division in Bay City are 
the technical skills and production 
capacity for a new art rendered 
in plastics. The artistic skill of 
Auto-Lite’s Art and Style Division is 
available on matters of design and 
development. Address inquiries to: 


THE ELECTRIC AUTO-LITE COMPANY 
Bay Manufacturing Division 


723 New Center Bldg., Detroit 2, Mich. +» Bay City, Mich. 
Tune in ‘‘Suspense!"’. . . CBS Radio Mondays. . . CBS Television Tuesdays 


PLASTICS @ WIRE & CABLE oe 
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We make this part by Investment Casting 


—the expendable pattern process. 

In quantity, it costs $2.80. Produced 
in any other way, it would cost 3 to 4 
times as much. 

Because such pieces can be cast in one 
piece, they fre quently replace compli- 
cated assemblies. The y often need no 
premac hining and finis hing operations. 

We cast in almost any shape— simple 
and complex—and in 160 different fer- 
rous and nonferrous alloys. 

Tolerances are extremely close; details 


are fine. Castings run from a fraction of 


an ounce to 5 pounds. 

Here’s a booklet to give you ideas 
Our engineers are skilled in designing 
parts as investment castings, as well as 
producing them. More details about this 
versatile process are explained in a new 
booklet, “Pour Yourself an Assembly”. 
Send for your copy. There’s no obligation, 
of course. Precision Metalsmiths, Inc., 


1077 E. 200th St., Cleveland 17, Ohio. 
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Whew 


it costs too much 
to machine 


when 


you need an alloy 
that wont machine 


whew 


you're looking for 
more freedom of 
design 


pour yourself an assembly with 


INVESTMENT CASTINGS 
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drum in direct proportion to the motion 
measured (usually crosshead differentia) 
travel). These instruments can also be 
used as a deflectometer. 

Weighing only 214 lb (4 by 4 by 41, 
in.), the instrument can be placed eithe; 
on the table, crosshead or platform of 
the testing machine. C-Type instruments 
are guaranteed to return to zero, since 
backlash eliminators are built in. Calibra. 
tion is based on fixed linear distances of 
the lever, and to the same precise stand. 
ards as the Olsen Model 51 recorder. 


Simplified Extensometer Indicates 
Elongation Directly 


A newly designed extensometer whic 
indicates the elongation of metallic anc 
plastic specimens in tension testing direct- 
ly, without a multiplying lever, has been 
announced by National Forge and Or- 
dnance Co., Testing Machine Div., Irvine, 
Warren County, Pa. 

The instrument, which weighs only 7 
0z, attaches to the specimen by spring 
clamps which are opened or closed while 
it is held in the palm of the hand. It 
readily adjusts to take wire, sheet, plate or 
round specimens up to a maximum thick- 
ness or width of 14 in. Standard gage 
length is 2 in. Special gage length is 1.4 
in. It registers elongation to 0.045 in. in 


This extensometer readily adjusts to take 
wire, sheet, plate or round specimens 4) 


10 a4 maximum thickness. 
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APPOINTMENT 
WITH 
TIME 


When you travel by train (or, for that matter, 
by plane or any public carrier) you expect 
to arrive on time. Unconcerned, you click-click 
across switches in the yard district. . . 
swish past the clang of grade crossings. . . 
roar by freights only a few inches away... 
Your confidence lies in experienced railroaders 
and properly maintained roadbeds 
and signal equipment. 


Over every mile of track, your safe and speedy 
progress is guarded. Guarded by semaphores, 
position and color light signals, dwarf signals, 
automatic train controls, interlocking control 
machines in far-away towers, and other 
elements in an all-inclusive safety pattern. 


An unseen essential in this safety pattern, 
reliable and hard-working, is Synthane. 
Synthane is a strong, light-weight, laminated 
plastic. It’s an excellent electrical insulator, 
moisture and chemical-resistant, hard, tough 
and dense. It is also easy to machine. 
Synthane is a material for small parts or large 
on any job where a combination of properties 
is needed and good performance is a “‘must’’. 


Maybe you can use Synthane profitably. 
To find out, send for the complete 
Synthane catalog. We will be glad to help 
you with design, sheets, rods, tubes 

or fabricated parts. Synthane Corporation, 


23 River Road, Oaks, Pennsylviania. 


Terminal Board (left) for continuous 
train control and relay pusher (right). 
Both pieces are made from Synthane 
laminated plastics for General 
Railway Signal Co., Rochester, N. Y 


Swithane-one of industuye unseen rseritiols 
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CHEMICALS 


AMBLER PENNA. 
Technical Service Data Sheet 
Subject: IMPROVING PAINT ADHESION ON 


PROCESSES 








INTRODUCTION 


“Granodine” is a zinc phosphate 
coating chemical which im- 
proves paint adhesion on steel, 
iron and zinc surfaces. In the 
Granodizing process, a non- 
metallic crystalline coating is 
formed on the treated metal. 
This bond holds and protects 
the paint finish and thus pre- 


serves the metal underneath. 


STEEL WITH GRANODINE* 











Official Dept. of Defense Photograph 


An F4U Corsair with the Navy's new air- 
craft anti-tank rocket, the “‘RAM’’. A Grade I 
zinc phosphate finish (JAN-C-490) protects 
the entire external surface of this rocket and 
provides a durable bond for the specification 
paint finish. 





‘““GRANODINE”’’ MEETS SERVICE SPECIFICATIONS 








JAN-C-490, CLEANING AND PREPARATION OF FERROUS METAL 
Grade | SURFACES FOR ORGANIC PROTECTIVE COATINGS 
JAN-F -495 FINISHES FOR EQUIPMENT HARDWARE 





U.S.A. 57-0-2C 
Type Il, Class C PARTS 


FINISHES, PROTECTIVE, FOR IRON AND STEEL 





U.S.A. 51-70-1, 


PAINTING AND FINISHING OF FIRE CONTROL IN- 
Finish 22.02, Class C | STRUMENTS; GENERAL SPECIFICATION FOR 





MIL - ¥ -3329 





VEHICLES, COMBAT, SELF-PROPELLED AND TOWED; 
GENERAL REQUIREMENTS FOR 











below: 


MULTI-STAGE POWER 
WASHER FOR SPRAY 
GRANODIZING 


PROCESS 
SEQUENCE 


. Clean 

. Rinse 

. “Granodine”’ 
. Rinse 

5. Final Rinse 


a»ON— 


peller should be of acid-resistant material. 





GRANODIZING DATA 


Granodizing is an easily applied chemical process. Depending 
on the size, nature and volume of production, Granodizing can 
be carried out by spraying the parts in successive stages of a 
power washing machine, by dipping the work in the cleaning, 
rinsing and coating baths contained in tanks, or by brushing 
or flow coating the work with portable hand equipment. Typi- chines, cabinets, etc.; 
cal process sequence and equipment requirements are shown 






TANKS FOR DiP 


NOTE: Equipment can be of mild steel throughout, except in 
the Granodizing stage, where nozzles, risers, and pump im- 


MANY 
APPLICATIONS 


Automobile bodies and 
sheet metal parts, re- 
frigerators, washing ma- 


projectiles, rockets, 
bombs, tanks, trucks, 
jeeps, containers for 
small arms, cartridge 
tanks, 5-gallon gasoline 
containers, vehicular 
sheet metal, steel drums 
and, in general, prod- 
ucts constructed of cold- 
rolled steel in large and 
continuous production 
are typical of the many 
products whose paint 
finish is protected by 
“Granodine”’,. 


IMMERSION 
GRANODIZING 











CHEMICALS 





ROCESSES 
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WRITE FOR FURTHER INFORMATION ON “GRANODINE” 
AND YOUR OWN METAL PROTECTION PROBLEMS. 











New Materials 
and Equipment 





dial gradients of 0.0002 in. The large;. 
sized dial on the jeweled indicator js sj, 
to permit accurate readings to 0.0001 jp. 


Sealer Applied to Surfaces 
Before Spotwelding 


An aluminum-colored ‘‘weld-through’ 
sealer originally used in auto manufactur. 
ing has now been made available to in. 
dustry by the Adhesives and Coatings 
Div., Minnesota Mining and Manufactuy. 
ing Co., 411 Piquette Ave., Detroit 2 
The sealer is applied to surfaces befor 
spot welding, thus eliminating the need 
for a sealing operation after welding. |; 
does not interfere with the welding opera 
tion. 

A heavy paste-like material that is said 
to have the unusual property of resisting 
the heat and pressure of welding without 
splattering or burning, the sealer is soft 
enough to uniformly squeeze away from 
the bottom of the weld when electrode 
pressure is applied, without flowing away 
excessively. Auto manufacturers use the 
material to seal the spot-welded joint be- 
tween the roof and side panels, to seal 
along drip moldings, and to seal the joint 
between the rear quarter panel and whee! 
housing. 

The sealer is said to shut out air, dust 
and moisture; withstand paint oven tem- 
peratures up to 475 F. It is not brittle 
at -10 F, does not support combustion, 
and protects metal from corrosion. It is 
applied with a hand caulking gun or pres- 
sure extruding equipment, or it can be 
applied in small quantities with a scraper 
or putty knife. ‘ 


Chromium Plating Unit Increases 
Tool Life 


A 250-amp Chromaster unit has been 
added to the Ward Leonard Electric Co.'s 
(Mt. Vernon, N. Y.) line of industrial 
chromium plating equipment. The new 
production tool is designed for industrial 
chromium plating small tools or parts 
in large quantities, or generous sized 
parts with areas to 125 sq in. 

With Chromaster and Chromasol, a new 
chromium plating solution, normal life of 
cutting tools, wear parts and dies is said 
to be increased up to ten times. Accord- 
ing to the company, chromium plating 
with the new process is said to be fast, 
economical and simple in operation. Aver 


MATERIALS & METHODS 
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New Materials 
and Equipment 


This industrial chromium plating unit i: 

designed for plating small tools or parti 

in large quantities or generous sized part: 
with areas to 125 sq in. 


age plating time is 3% min for cutting 
tools, and chromium cost averages just a 
few mils in most applications. 

Individual floor-mounted plating tank 
and power unit are designed to mini- 
mize installation costs and to conserve 
plant floor space. Power unit contains a 
built-in selenium rectifier complete with 
instrument control panel and controls for 
accurately regulating the rate of chromium 
deposit. 


Low-Cost Plasticizers for Vinyl 
Compounds Increases Stability 


The Rohm & Haas Co., Washington 
Sq., Philadelphia, has announced the de- 
velopment of Monoplex S-71, a new, low- 
cost plasticizer for vinyl compounds. Light 
and clear in color, of low volatility and 
viscosity, able to impart low brittle point 
values, Monoplex S-71 is said to offer two 
important advantages: it is inexpensive, 
and effectively increases the stability ot 
vinyl resins under heat and light. 

The plasticizer is recommended for use 
in upholstery sheeting, fabric coatings, 
light-weight film, garden hose, electrical 
jacketing, dispersion compounds for cast- 
ing and slush molding, injection molding, 
and rigid of semi-rigid vinyl products. 

Also announced by the company is af 
inexpensive primary vinyl plasticizer of 
low volatility. Designated Monoplex S-38, 
this high molecular weight monomeric 
plasticizer is said to exhibit both good 
efficiency and satisfactory processing char- 
acteristics. It can be employed as the sole 
plasticizer in blends with the Paraplex 


MATERIALS & METHODS 
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They found new ways 
to KEEP COSTS DOWN 


ELECTRIC CORN POPPER 
Popex Inc. 





ONE-PIECE CASE 


L. C. Smith and Corona Typewriters, 

















~ 










FLO-METER DOOR 
Penn Industrial Instrument Corp. 


COLOR SLIDE VIEWER 
The FR Cory 


oration 


--- with custom-molded DUREZ phenolics 


From all directions the news rolls in 
trom Durez phenolics users . . . and it’s 
good because it’s news of costs saved 
in product development, improvement, 
and redesign . . . 


} 


rmerly 19 assembly operation 
. NOW Six. 


nexpemsive insert makes “new mod.! 
! and jig requirements slashed 


ishing eliminated. 
Reports like these point up a thought 
to have in mind when your products 
are in the making . . . it pays to talk 


things over with your custom molder. 
He has the know-how that translates 

PHENOLIC PLASTICS 
MAY, 1952 


new ideas into molded Durez. His 
equipment is large enough for big 
moldings and is getting larger all the 
time. 

Of course the plastic must have 
good flow and strength properties to 
permit wide freedom in design for 
molding. Durez has both . . . and it of- 
fers your engineers eight distinct classes 
of phenolics among which they can 
select the mechanical, electrical, and 
chemical properties that fit their speci- 
ncations. 

Our technicians can aid you with 
specialized knowledge of these mate- 
rials and their use. Call them any time. 


THAT FIT THE JOB 


COMPOUNDS 
INDUSTRIAL RESINS 


PROTECTIVE COATING RESINS 





Our monthly ** Durex Plastics News" will 
«keep you informed on industry's uses of 
Durex. Write, on office letterhead, to 
Durex Plastics @ Chemicals, Inc., 1405 
\ Walck Road, North Tonawanda, N. Y. 
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STAINLESS 
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STEEL 
RINGS 


ECONOMICAL 
SPECIALTY 
of 


G. O. CARLSON 


INC. 


@ All stainless steel analyses to chemical industry 
standards. 


a Rough cut or rough machined from plate or 
forged and rough machined. 


@ Any size—any thickness—any quantity. 


© Your orders and inquiries will be given prompt 
attention 








Stainless Steels Exclusively 
200 Marshalton Road, Thorndale, Pa. 

PLATES « FORGINGS ¢ BILLETS « BARS + SHEETS (No. 1 Finish) 
Warehouse distributors in principal cities 








New Materials 
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plasticizers, and in compounds containin, 
low-cost secondary plasticizers and exten, 
ers. Because of its rather dark ¢olp, 
Monoplex S-38 is generally suitable {,, 
only filled and pigmented compounds, 4. 
a primary plasticizer for such materials ;; 
offers considerable formulating econom( 
without substantial sacrifice in quality. 

It is recommended for use in pocke: 
book stocks, gasket compounds, flooring 
extruded molding, welding and _jacke: 
stocks. 


New Beaded Fabric Material Offers 
Interesting Possibilities 


A new beaded fabric, “Spherekot 

ta Mining 
Manufacturing Co., 900 Fauquier St., St 
Paul 6. The new construction has 
known applications as yet, but is expect 
to find a wide variety of uses. Its unusu: 


OOPOMX DO OOOO 


been announced by Minne: 











XsX 
This new beaded fabric, “Spherekote’’ 
made by laminating two sheets of oil re- 

sistant material back-to-back. 


characteristics include a coating of mil- 
lions of microscopic glass spheres on each 
side, and an inner lining of cloth and 
rubber that compresses to provide uniform 
friction and tightness in use. 

The material is made by laminating two 
sheets of the oil resistant material back- 
to-back. It has a thickness of approxt- 
mately 55 mils. 

Washers, one example of the product's 
possible use, were recently tested between 
the folding joints of a car's convertible 
top. For this use the material’s glass- 
beaded surfaces provided “very low coet- 
ficient of friction, distributed pressuré 
evenly, and showed no evidence of scot 
ing.”” In addition, the test showed that 
the material could be used with or with 
out a lubricant. When a lubricant was 
used, minute spaces between the spheres 
acted as a reservoir for the oil. 

Firms wishing to conduct their own 
experiments with the new material may 
obtain sample 4- by 6-in. swatches on 
request. 


MATERIALS & METHODS 
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ALUMINUM EXTRUSIONS ol OU 


QUANTITY - SIZES - SHAPES - WHEN 


Let us know what kind of aluminum extrusions you need, 
the sizes, the quantity and the delivery. We will reply promptly. 
You can depend on our promises and our product 
because we have been in the business a long time, in fact we 
are known as the Big Name in the business. We have 
the facilities, the engineering service and the experience to 
furnish the aluminum extrusions you want, when you want them. 
Send your inquiry to: Youngstown Manufacturing, Inc., 
Extrusion Sales, 66-76 S. Prospect St., Youngstown 6, Ohio, 


for prompt service. 


YOUNGSTOWN MANUFACTURING, INC. 
66-76 S. Prospect St. - Youngstown 6, Ohio 
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NEW 
IMPROVED 
SILICONE-BASE 
HEAT-RESISTANT 
FINISH 


Protects Stewart Warner's 
New Saf-Aire Wall Furnace 














ecifications for this 
lied for @ coating 


that would stand 500° and ——. 

‘nm its color and gloss— ee 
pacar re far above that incurre 
| operation. Ordinary CON 
ong coatings cine worked 
t as SICON has 


Quality finish sP 
heating unit ca 





i o 
lems. Write for dynamic Lagoa trod 
SICON’S amazing stability 
a New Brochure now ready. 


Silicone-Base Finish is 





manufactured exclusively by 


MIDLAND 


INDUSTRIAL FINISHES CO. 


Waukegan, Illinois 


ENAMELS 
LACQUERS 


SYNTHETICS 
VARNISHES 
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Trepanning Speeds Boring Holes in 
Heavy Metal Sections 


by FRED W. LUCHT, Development Engineer, Carboloy Dept., General Electric Gp, 


@ THE PROCESS OF producing rea- 
sonably large holes by cutting a 
cylindrical groove and removing the 
center as a solid core, instead of 
removing all the metal within the 
id. in the form of chips, is known as 
trepanning. It is only in recent years, 
apparently, that the principle has 
been applied to the machining of 
accurate bores in metals. Of particu- 
lar interest at present is the applica- 
tion of the process to the drilling of 
gun barrels at a rate impossible with 
boring tools or conventional spade 


é 


A typical trepanning head used for the drilling of gun barrels. 


drills. A trepanning head used for 
this operation is shown in the ac- 
companying figure. Holes up to 30 
or 40 ft or more in length, and up 
to 41/4, in. in dia have been produced 
in steel forgings in this manner, and 
to tolerances of only a few thou- 
sandths as to concentricity and diam- 
eter. The advantages of the process, 
however, are not confined to deep 
holes. The process can be applied 
equally well to the producing of 
through holes in such parts as gear 
forgings, etc., thereby greatly reduc- 
ing machining time. Accuracies in 
general will be better than when 
drilling, provided the equipment 
used is satisfactory. 

In general, the savings in time 


obtainable by deep-hole trepauning 


with carbides as compared with pro. 
ducing the same hole with high. 
speed steel drills may run as high 
as 95%. Part of this saving, of 
course, is due to the higher cutting 
speeds and feed rates made possible 
by the carbide tip used on trepan. 
ning tools. However, the major part 
of the saving is still due to the 
simple fact that far less metal has 
to be removed in the form of chips 

Trepanning is particularly suitable 
for carbides, for the following rea. 
sons: 





1. The long life of the carbide 
insures continuity of cutting, as well 
as maintenance of closer tolerances 
as to diameter at the end of the 
bore as compared with the diameter 
at the beginning. 

2. Higher cutting speeds and feed 

rates are possible with carbides. 
3. The trepanning cutter body 
carrying the trepanning cutter blade 
must be protected against wear 4s 
it bears against the i.d. of the hole. 
Here again, carbide wear strips pro 
vide an excellent answer. 

4. Proper carbide speeds can be 
obtained over the entire cutting edge 
of a trepanning tool. (The dead 
center on a spade type drill makes 
it unsuitable for carbides). 


(Continued on page 176) 
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CASTING 


A & A Die Cast and Plastic Molds Co., 
Wes? Les Angeles, Calif. 
The Accurate Die Casting Co., Cleveland, Ohio 
Advance Pressure Castings, Inc., Brooklyn, N. Y. 
Advance Tool & Die Casting Co., Milwaukee, Wis. 


Badger Die Casting Corp., Milwaukee, Wis. 


Central Die Casting & Mfg. Co., Inc., Chicago, Hl. 
Cleveland Hardware & Forging Co., 
Cieveland, Ohio 
Cengress Drives Division, Tann Corp., 
Detroit, Mich. 

Centinental Die Casting Corp., Detroit, Mich. 
Division of F. L. Jacobs Co. 

Crown City Die Casting Co., Pasadena, Calif. 


Doehler-Jarvis Corp., Pottstown, Penna. 
Doehler-Jarvis Corp., Toledo, Ohio 
Dollin Corporation, Irvington, N. J. 

Du-Wel Metal Products, inc., Bangor, Mich. 


Federal Die Casting Co., Chicago, fil. 


Globe Imperial Corporation, Rockford, til. 
C. M. Grey Mfg. Co., East Orange, N. J. 


Heick Die Casting Corporation, Chicago, Iil. 
Hilfinger Corporation, Toledo, Ohic 
The Hoover Company, North Canton, Ohio 


Kamin Die Casting & Mfg. Co., Chicago, Hi. 
Kiowe Cerporation, Marshalltown, lowa 
Pavi Krone Die Casting Co., Chicago, fil. 


AMERICAN DIE CASTING INSTITUTE, 


366 MADISON AVENUE 


1952 





The CERTIFIED ZINC ALLOY PLAN is your assurance that the 
castings you obtain have been produced in a plant maintaining 
proper alloy control. 


Regular sampling and analysis certify that the alloy used has 
been proven to be “on grade.” 


Why not be certain? 


Madison-Kipp Corporation, Madison, Wis. 
Milwaukee Die Casting Co., Milwaukee, Wis. 


aie: gee Mfg. Co., Cleveland, Ohio 
Mt. V Die Casting Corp., Mt. Vernon, N. Y, 
New Products Corp., Benton Harbor, Mich. 


Paragon Die Casting Co., Chicago, Ill. 
Parker White Metal Co., Erie, Penna. 
Precision Castings Co., Inc., Syracuse, N. Y. 
Precision Castings Co., Inc., Cleveland, Ohio 
Precision Castings Corp., Inc., Chicago, Hl, 
Pressure Castings, Inc., Cleveland, Ohio 


Racine Die Castings Co., Racine, Wis. 


$t. Lovis Die Casting Corp., $?. Lovis, Mo. 
Schultz Die Casting Co., Toledo, Ohio 
Sterling Die Casting Co., Inc., Brooklyn, N. Y. 


Stewart Die Casting Div., of Stewart Warner Corp. 


Bridgeport, Conn. 


Stewart Die Casting Div., of Stewart Warner Corp. 


Chicago, fil. 
Stroh Die Moulded Casting Co., Milwaukee, Wis. 
Superior Die Casting Co., The, Cleveland, Ohio 


The Tool-Die Engineering Co., Cleveland, Ohio 
Twin City Die Castings Co., Minneapolis, Minn. 


Union Die Casting Co., Lid., Los Angeles, Calif. 
Universal Die Casting Co., Los Angeles, Calif. 


Wells Die Casting Co. of California, 
San Francisco, Calif. 
Western Die Casting Co., Emeryville, Calif. 

















Buy With | 
© lites | 


From Any 


Of These 
Companies 





Send for a bulletin 
fully describing 
The CERTIFIED ZINC 
ALLOY PLAN, 
how it operates and 
what if means to 
the buyer 


INC. 


NEW YORK 17, N. Y. 
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These are high alloy jet 

engine rings...all the work being done 

in our shop, starting with the centrifugal casting right 
through to the finished ring. 


Centrifugally cast metal gives an exceptionally fine, dense, 
uniform grain structure. The strength of the metal ap- 
proaches that imparted to a bar or ingot when it is hot 
forged. It produces an ideal metal for the tough service 
required of jet engine parts. 


Incidentally, as evidence of our knowledge of and experi- 
ence with tough alloy castings — static as well as centrifu- 
gal — the records show very few rejections by this engine 
manufacturer who subjected each of the many rings we 
furnished to his own very rigid tests. 


May we suggest that you let Duraloy work on your high 
alloy castings — chrome iron, chrome nickel or nickel 
chrome? We have the experience and facilities for turning 
out high quality castings. 

















Trepanning ..... 
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Cut-away diagrammatic sketch showing 
trepanning head slightly retracted afte 
starting a cut. 


To give an idea of the savings 
possible by trepanning instead of 
drilling, the following example may 
be of interest: 

Work—18 ft long, rough turned 

steel forging 

Hole—2 13/16 in. to be produced 

entire length 

Feed—0.008 in. per revolution 

Speed—550 SFPM (747 rpm) at 

outer edge of tool 

Accuracy—Hole held within 0.003 

in. for size, and within 0.012 
in. for alignment. 

At the speed and feed used, totai 
feed was 6 in. per min, giving a 
total cutting time of only 36 min. 
This, compared with an established 
drilling time of 15 hr when using 
high-speed steel spade drills includ- 
ing time required for three drill 
changes. 


Converting for Trepanning 


At the present time there are 
few machines built in this country 
which were designed specifically for 
trepanning work. However, it is en- 
tirely feasible to convert existing 
deep hole boring machines or lathes 
to such work. Chief requirements for 
a trepanning machine conversion are: 

1. Adequate motor horsepower. 
In the example above, 46 hp was 
required. 60 hp or more is usually 
desirable for good performance, de- 
pending on hole size and material. 

2. An oil pump capable of de- 
livering 25 gal per min or more, 
at a pressure of at least 175 psi, was 
required for the above mentioned 
job. The volume of oil required wil! 
vary, of course, with the hole size. 

3. A carriage fixture to suppor! 
and permit accurate feed of the tube 
on which the trepanning tool is 
mounted. 

4. An oil inductor bushing and 
support which also provides an oil 
seal at the entrance end of the bor 

5. Steady rests to support the work 

6. Centralization of all electrical 
controls and indicators at or neat 


(Continued on page 178) 
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HIGH PRODUCTION OF HEAVY-DUTY BUMPER GUARDS 
CALLS FOR SHARON QUALITY DEEP-DRAWING STEELS 


Tough, shock-absorbing bumper possible, for their experience tells 
guards must be decorative as well them they can expect uniform top 
as functional. Their manufacture quality steel that can be easily 

ol Tanto late kMmal-lohaamte(oltle(-Mt(-1-] MB ialel fo [-1-) oo [dehy Aa Mo] MM nalo lt ol cele lUlaiiola 
will take a deep draw easily with- speeds without a trace of strain to 
ol Mateh alate Mtigeliae blemish the finish. 
Wola amu tole llale Missle lalthiclailic-1c- Mame) i For quality steels in large quanti- 
bumpers and bumper parts specify __ ties specify Sharon and you'll be 
Sharon bumper steels whenever sure of the finest. 


‘Specialists in STAINLESS, ALLOY, COLD ROLLED and COATED Strip Steels. 
reer ER, 
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SHARON STEEL CORPORATION @ 


DISTRICT SALES OFFICES: CHICAGO, ILL., CINCINNATI, O., CLEVELAND, ©O., DAYTON, SHARONSTEEL 





©., DETROIT, MICH., INDIANAPOLIS, IND., MILWAUKEE, WIS., NEW YORK, N. Y., 
PHILADELPHIA, PENNA., ROCHESTER, N. Y., LOS ANGELES, CALIF., SAN FRANCISCO, 
CALIF., MONTREAL, QUE., TORONTO, ONT. 

For information on Titanium contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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PACKAGING COSTS CUT 
FROM $4.95 10 $1.37 


Back when messy oil and grease 
coatings were used to ward off 
corrosion of diesel locomotive 
parts, the maker had headaches 
at both ends of the line. 


Packaging steps called for inflam- 
mable liquids, heavy handling 
equipment, air hoses, and varnish- 
like petroleum solutions. In those 
days, waxed paper and heavy 
wooden crates were “musts.” At 
the railroad end, unpacking 
meant the same troubles in 
reverse; laborious “cleaning’’ was 
a costly chore. 





Now, says the diesel firm, 
“packaging is a dream.”’ 
Large and small parts 

are protected only by a paper 


that gives off vapor. It stops rust. 
It is Angier VPI* Wrap. 


oy Le) a RUST A cylinder liner (see above) is 


errr TiITLiTiTy) §simply put in a container with 
pieces of the paper. The lid on, 
VPI goes to work. Now cost of 
packaging is $1.37 — not $4.95. 
The liner is ready-to- use when 
received. No “‘cleaning”’ to do. 


If you store or ship metal parts or 
products, get ‘““VPI Facts’’ from 
Angier — the most experienced 
™. Name in vapor rust preventives. 


Distributors in All Principal Cities 


Angier Corporation, Framingham 14, Mass, 
Send “VPI Facts” as applied to: 


a Machinery-Industrial, Metal Work- J Electrical Machinery, 
4 ing, Farm, Office, Construction. “— Appliances, Product 
[ — Transportion Equipment Auto, [ ) Fabricated Products — 
Aircraft, Naval, Railroad, etc. / Cutlery, Hardware. etc, 
FR Va reyels Rust Preventive [ } Steel in process of fabrication. U Ordnance Equipment. 
a Instruments and clocks, C) Other, 


Sign below; attach to your letterhead 
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Trepanning ..... 





point of chip outlet. 

7. Variable speed control for the 
motor. 

8. Gearless headstock. 

9. Cutting fluid temperature ang 
oil pressure gages. 

Horsepower requirements, of 
course, are governed by rate of chip 
removal. The high power required 
is due to the ability of the carbide 
to remove chips so rapidly. 

While 175 psi is given here as q 
minimum for oil pressure, higher 
psi values are frequently desirable. 
Much work has been done already 
in trepanning at pressures as high 
as 200 to 400 psi. The higher pres. 
sures, of course, require better oi 
seals. 

Uniform control of tool feed pre. 
supposed the use of accurate lead 
screws to feed the tool into the work 
as the work revolves. If a machine 
considered for adaptation to trepan- 
ning has been used a great deal for 
one length of work which require: 
the cafriage to move over the sam 
place many times, it may be found 
that because of lead screw wear in 
this spot the screw should be te- 
placed to insure uniform feed over 
the entire travel of the carriage. 


Trepanning Cutter 


The trepanning cutter head is at 
tached to the non-revolving drive 
tube. Two types of cutter blades are 
currently used, a 3/4-in. wide cutter 
blade for holes 134 in. up to as 
large as 8 in.; cutter blades 114 in 
wide have been successfully applied 
to trepanning of large sized bores. 
Selection of cutter blade size depends 
considerably on operating conditions 
and horsepower available. With the 
3/,-in. cutter blade, oil is fed under 
pressure to the cutter head through 
the space between the drive tube and 
the i.d. of the hole and is discharged 
along with the chips through the 
space between the i.d. of the tube 
and the core. With the larger cutter 
blade, the flow is reversed, since it 
has been found that discharge of the 
cutting fluid and chips around the 
periphery of the drive tube is ad 
visable when trepanning large holes 

Grade 78 has been found sat 
factory for the tip for trepanning anj 
steel within a 200 to 400 Brinell 
hardness range. Best material for 
the wear strips appears to be grade 
78. Best cutting speeds range from 
about 600 sfpm for steels in the 200 

(Continued on page 180) 
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WORTHINGTON TURNING ROLLS IN OPERATION move this 
big tank at exactly the right speed for the most efficient 
downhand welding. This equipment often increases out- 
put as much as 50% because downhand welding with 
heavier electrodes does the job with one pass instead of 
two or three. 


A way to lower your 


welding costs 
as much as 50% 


If you are welding cylindrical vessels of any size, you 
can lower costs and increase welding footage as much as 
50% with Worthington Turning Rolls. 

Your welders can produce more real footage by elimi- 
nating time wasted in manually turning the vessel or wait- 
ing for crane or hoist service. 

You’ll get neater, stronger welds and less rod waste, 
too. The Worthington Turning Roll power turns the 
vessel at selected welding speeds for quickest spotting of 
longitudinal seams and continuous welding of circumfer- 
ential seams. All welds can be made by the convenient 
downhand method with the economies that result from 
larger electrodes used. 

Where can you see a Worthington Turning Roll at 
work near you? Just write Worthington Corporation, 
formerly Worthington Pump and Machinery Corporation, 
Dunellen, N. J., for this information or for Bulletin 210C. 
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(Figure 1) (Figure 2) 








WHY WORTHINGTON TURNING ROLLS 
INSURE BETTER WELDS 


Unless the work is turned continuously, good down- 
hand welding is obtainable only in small area (Fig. 1). 
With a Worthington Turning Roll, downhand weld- 
ing is assured for the complete circumferential seam 
(either by manual or automatic welding) (Fig. 2). 




















WORTHINGTON’S LOW-SLUNG DRIVE MECHANISM per- 
mits unobstructed loading from either end of turning 
rolls. The high-efficiency and smooth operation of 
Worthington power rolls (lower right) and idler rolls 
(upper left) result from long and varied experience in 
building equipment for welding cylindrical vessels. 





179 


























fiidddddddiise 
























J, 
This Hevi Duty pit 
furnace is used to 
“bright’’ harden 
parts for Cufler- 
Hammer tempera- 
ture controls. 


eliminate 
a cleaning operation 
by “bright” hardening in a 


HEVI DUTY pit tye 
CONVECTION 
FURNACE 


Basyitium cop- 
per parts come out 
of this Hevi Duty Pit Fur- 
nace clean and bright — 
ready for the production line. 
Cutler-Hammer, Inc. has eliminated 
a costly cleaning operation by “‘bright’’ 
hardening in this Hevi Duty Pit Furnace. Pre- 
pared Atmospheres ure supplied by a Hevi Duty 
CU-200 Gas Preparation Unit. Learn more about 
“bright” hardening and annealing in Hevi Duty pit fur- 
naces. Write for Bulletin HD-451 — Today. 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVIEDUTyY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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Chips produced in trepanning should be 
well broken up and as near uniform in 
size as possible. Good chips are shown at 
the bottom. Unsatisfactory chips are shown 
at the tip. Chip breaker design is particu- 
larly important in trepanning work. 


to 250 Brinell range to approximately 
400 sfpm for those up to 400 Brinel! 
These speeds are for the outside 
edge of the blade. 

Feeds of 0.006 to 0.010 in. pe: 
revolution have been found to work 
very well, but best feeds for each 
type of job may require some modi 
fication. The important thing is to 
produce a fairly heavy chip. This 
reduces cutter blade wear. The chips, 
however, should be broken up until 
they are small enough to pass freely 
through the discharge space. Feed 
should not be reduced if speed is 
increased, or vice versa. In some in- 
stances, although the chips theoreti 
cally may be small enough for eas} 
passage, the coolant pressure must be 
increased to flush them out proper!) 
This is especially true when nearing 
the end of extremely deep holes. 

It is important that the correct 
cutter blade grind be secured right 
at the start. Wear strips are cylin- 
drically ground in position before 
inserting the blade. The cutter blade 
is also cylindrically ground (to a 
slightly larger diameter, as shown 
after assembly in place.) 

Trepanning speed depends on ma- 
terial being machined, of course. 
With material of 275 or 375 Brinell, 
cutting speeds of 500 to 600 sfpm 
(at bore diameter) have been found 
to work well. Somewhat higher 
speeds can be used for materials of 
lower hardness. 

In some cases, trouble has beet 
experienced from extremely fine pai 
ticles carrying through the conven 
tional filter. Use of a special filte 
employing Carboloy permanent mag 
nets has been found helpful in such 
cases by keeping these chips from 
getting into the pump where the; 
can cause fairly rapid wear. 
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HOUGHTO-QUENCH gives 
you all 3 essentials 
to every quench! 











INE SOURCE FOR ALL NEEDS 
OF METALWORKING 


| Get “Liquid Salt Baths” — 

eS . Houghton’s latest booklet 
—_— covering heat treating salts 

7 te for carburizing, neutral hard- 
=! ening, annealing, temper- 
ing, martempering and other 

heat treating operations. Write to E. F. 


Houghton & Co., Philadelphia 33, Pa., or 
ask the Houghton Man. 


MAY, 1952 


BETTER 


for all steels... 


BEST 


for lean alloys... 


houghto-Quench 


You'll meet your most critical quenching needs 
with Houghto-Quench. This is the stable oil devel- 
oped by Houghton to give you these three essen- 
tials needed in heat treating low alloy steels: 


1. A Faster Quench through the critical zone. 
2. Full Hardness meets high physicals safely. 


3. Uniform Quenching regardless of type of 
steel used or temperature required. 


Ask the Houghton Man to show you why Houghto- 
Quench is more than ever the oil to specify today. 
Or write to E. F. Houghton & Co., Philadelphia 
33, Pa., for prompt information and prices. 










HOUGHTO-QUENCH - 
».- @ product of W: ’ 
AY’ 
/ }\ 
(A 3 
S 


Ready to give you 
on-the-job service... 
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High Polish, Less Distortion 
Says User of Speed Treat Molds 


. National Motor Bearing Co., makes oil seals 
by the millions—for washing machines to 
submarines! Naturally this tremendous vol- 
ume calls for molds that can take the heavy 
pressures—-and take them longer. 

The slightest distortion could mean costly 
waste. Two of Holliday’s Speed Steels, 
Speed Case (X1515) and Speed Treat (X1545) 
are whipping this pressure problem on Na- 
tional’s synthetic rubber oil seal flanges and 
other parts, reports George Corsi, Chief Engineer, who further ad- 
vises . . . “highly ‘satisfactory performance attributable to Speed 
Steels fine grain structure ... the high polish they take and their 
low deformation under pressure. The free machining qualities are 
also an important advantage.” 

Speed Steels are finding new ways to save time and money on 
countless applications—from road ripper teeth to die sets and shoes. 
Keep posted on these amazingly versatile steels through your 
nearest Speed Steel distributor. 






DISTRIBUTED BY 


Brown-Wales Co., Boston-Hartford-Lewiston, Me. 
Beals, McCarthy & Rogers, Buffalo, N. Y. 


mw Bridgeport Steel Co., Bridgeport, Conn. 
= Burger Iron Co., Akron, Ohio = Grammer, 
Dempsey & Hudson, Inc., Newark, N. J. m@ Earle M. Jorgensen Co., Los Angeles-Houston- 
Oackland-Dallas = Passaic County Steel Service, Inc., Paterson, N. J. @ Peckover’s Ltd., 
Halifax-Montreal-Toronto-Winnipeg-Vancouver Peninsular Steel Co., Detroit, Mich. 
Pidgeon-Thomas Iron Co., Memphis, Tenn. @ Horace T. Potts Co., Philadelphia-Baltimore 


Produced by W. J. Holliday & Co., Inc., Speed Steel Plate Division, 
Hammond, Indiana. Plants: Hammond and Indianapolis, Indiana 
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continued from Page }3 





along the bar by means of thermo. 
couples. Rapid cooling favored nod. 
ule formation, but the effect of the 
cooling rate decreased with increase 
in magnesium content. No relation 
between nodule formation and pour. 
ing temperature or maximum heating 
temperature was observed. Results 
of the investigation support the be. 
lief that nodular graphite is formed 
in the melt during solidification, and 
that patches of graphite are produced 
after solidification by decomposition 
of carbides, 


Nitrogen Brittleness 


Results of fracturing V-notch stee| 
specimens in Charpy impact tests in. 
dicate that increased nitrogen, if 
present as aluminum nitride, im. 
proves the low-temperature notch- 
toughness—lowers the temperature at 
which brittleness appears—in the 
steels studied. But nitrogen in the 
form of nitrides of iron or manga- 
nese is apparently detrimental from 
the same standpoint. The study was 
conducted by G. W. Geil, N. L. 
Carwile and T. G. Digges of the 
Thermal Metallurgy Laboratory. 

The samples studied at NBS were 
of 0.3% carbon steels containing 0.9 
or 1.6 manganese, 0.2 to 0.3% sili- 
con, and variable nitrogen. Included 
was one aluminum-treated _ series 
Notched specimens were fractured in 
impact at temperatures ranging from 
320 to 212 F. The aluminum-treated 
steels tested showed much better low 
temperature notch-toughness than the 
steels not so treated; transition tem- 
peratures, at which behavior changed 
from ductile to brittle, were approxi- 
mately 54 to 90 F lower for the 
aluminum-treated specimens. Transi- 
tion temperatures ranged from about 
50 to 60 F for the non-aluminum- 
treated steels. In the latter the nitro- 
gen was present as aluminum nitride, 
and transition temperatures decreased 
with increasing aluminum nitride 
content. 


Stress Corrosion 

Although the problem is an im- 
portant ome, much remains to be 
learned about the mechanism of! 
stress-corrosion cracking. A continu 
ing investigation conducted by Hugh 
L. Logan of the corrosion section 
now provides new data on some o! 
the mechanical and electrochemica! 
phenomena involved. 

To get a better understanding of 
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‘PUTS HOT JETS 
IN COLD SKIES! 


3 
For High and Low Temperature 
Applications ... Specify Stalwart 
Silicone Rubber Parts 


Only Silicone parts can combat these two enemies — ex- 
treme cold and intense heat. Stal wart-engineered Silicone 
rubber parts retain their physical, chemical and dielectric 
properties at temperatures ranging from -110 to +500°F. 


Stalwart Silicone parts have excellent resistance to many 
chemicals, weathering, oxidation, moisture, ozone and 
other factors that destroy organic rubbers. 


Stalwart is equipped to produce a wide range 
of precision parts from Silicone to meet the 
needs of aviation, automotive, electrical and 
other industries. Let Stalwart Silicone parts 
solve your rubber problems! 


Write today for Catalog 51SR-I for complete information. 


r TALWART MURRER GOMPAWY 


200 NORTHFIELD ROAD @ BEDFORD, OHIO 


MAY, 1952 





News Digest 





the forces at work in stress corrosion, 
the investigators measured electro. 
chemical potentials of five alloys in 
normal film-covered and film-free 
conditions, both stressed and up. 
stressed. Specimens were immersed 
in a suitable electrolyte, and poten. 
tials were determined using a calome! 


DEEP DRAWN SHAPES aioe She > hig saturated 
AND SHELLS : sales taal 


untesd ennmatel it Minis Gettin, (1) tee low-carbon steel, and a stainless steel, 


ae ae fire extinguisher 3 7M Potentials were measured first for 
n dia., 21” high. -piece sphere, a reservoir re : : 
smniien umiheah Geka Micaiaw Ghaty etnet unstressed specimens having normal 


for strength and to keep tore weight of minimom. (3) thin oxide films resulting from ordi- 
miess tapered diffuser tube for steam jet refrigera- . 
then unit, diameter (at base) 4¥%4", height 32°. (4) Water nary atmospheric exposure. Potentials 


tank for concrete mixers and pavers, sizes up to 60 gal. were then measured for the same 
capacity. (5) Flanged seamless shell for reservoir for specimens after the filmed surfaces 


eis, ype an ag langeendag agen had been removed by abrasion with 
| metallographic polishing paper. The 
| abrading was done in an inert-gas 
| (argon) atmosphere in a dry box, 
and the potentials were measured 
without removing the abraded speci 
men from this atmosphere. Each 
metal studied was more cathodi 
(more positive) in the normal film- 
coated form than in the abraded 
form, by amounts ranging from ap 
proximately 0.12 to 0.76 v. 

The electrochemical solution po 


| , 
Here S Why a Hackney shape tentials of the same alloys, in the 
normal film-covered conditions, wer 
then measured with stress applied 
; It was postulated that, when tension 
Can tit yOur 10D SO well is initially applied to a metal, smal! 
, breaks develop in the protective film, 
giving corrosion a chance to get 




















MADE BY SPECIALISTS TO YOUR SPECIFICA- nickel, aluminum, magnesium, Her- started before a fresh film can form. 
tions—Specialists in cold working culoy, Everdur, bronze, copper and If the electrochemical potential of 
of metals for almost 50 years—that’s many ofthe recently developed alloys. the unprotected area alone could be 
Pressed Steel Tank Company! And measured, it would presumably be 
that’s why Hackney Shapes and_ '!N ALL KINDS OF CAPACITIES—Capaci- roughly the same as that of a film 
Shells, deep drawn to accurate speci- “€S T@nge as small as 1 quart and as free surface. 

fications, assure such advantages as: ‘@fge as 110 gals.; inside diameters This measurement problem was 
greater strength, decreased overall fom approximately 3 inches up to solved by coating an entire notched 
weight, improved appearance, elimi- > inches. specimen with a mon-conducting 
nation of expensive machining opera- Why not see if Pressed Steel Tank waterproof lacquer at the root of the 
tions, faster production and greater Company can help you to adapt spe- notch. With specimens thus pre- 
durability. cial shapes—to improve existing pared, the only rege: being meas- 
MANY TYPES OF METALS— Many types products—to develop new products? ured was that of the narrow band of 
of metals areusedinmakingHackney Send usa sketch of your part and see metal at the root of the notch where 
Deep Drawn Shapes and Shells, in- if we can be of help to you. Write us the stress was concentrated. With 
cluding: steel, stainless steel, Monel, today. fairly rapid application of stress, the 


film-free area then became a substan- 
tial fraction of the total non-lacquer- 
covered area and the potential became 
more negative as the stress was in- 


creased. If the stress was held con- 
1442 S. 66th St., Milwaukee 14 936 W. Peachtree St., N. W., Room 111, Atlanta 3 stant for some time, the solution 
1319 Vanderbilt Concourse Bidg., New York 17 208 S. LaSalle St., Room 788, Chicago 4 potential generally reverted quickly 


241 Hi Bidg., Ci land 15 559 R lt Bidg., L A | ‘ 
asian. drorgmaca’s ee ee ee ee to that of the unstressed metal. If 


CONTAINERS FOR GASES, LIQUIDS AND SOLIDS the stress was increased rapidly, how- 


Pressed Steel Tank Company 


Manufacturer of Hackney Products 
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aircraft component steel parts made from 


ACCUMET 
PRECISION 


INVESTMENT CASTINGS 






























The pictured castings are currently being used to 
produce such important aircraft accessories as 
fuel injectors and regulators, carburetors, land- 
ing gear door latch mechanisms, rocket release 
mechanisms and radar equipment. Cast to close 
tolerances with smooth surface finish, expensive 
machining operations are avoided—resulting in 
saving of valuable time, reduction in cost and 
eliminating the need for hard-to-get machine tools. 
Also Accumet Precision Investment Castings per- 








| CRUCIBLE | first name in special purpose steels 


52 years of, | Fine) steelmaking 


1952 


























mit the use of higher alloyed steels that are difficult 
or impossible to machine or forge, thus increasing 
the life or performance of the component parts. 
ENGINEERING SERVICE AVAILABLE 
Crucible engineers and metallurgists are avail- 


able to assist you in solving your design or pro- 
duction problems by the application of these 
Accumet Precision Investment Castings . . . that 
are playing such an important part in our National 
Defense Program. 











ACCUMET PRECISION CASTINGS 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 
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Only plywood 
gives you al 





HeRE’s a material that lets you reckon build- 


ing progress in square yards instead of cramped 


inches. Plywood’s work-speeding size means 


jobs which once took days are now being 


done in hours. 


Most plywood comes in big 4x8-foot sheets, 


and there are many other standard sizes both 


smaller and larger . . 


. even panels up to 50- 


feet long. Plywood is light, strong and amaz- 


ingly tough. No wonder more and more alert 


designers, engineers and builders are every 


day turning to this modern material to up- 
date building and manufacturing methods. 


How about you? 


For technical assistance on special problems write Douglas 
Fir Plywood Association, Dept. 465, Tacoma 2, Wash. 


Douglas fir plywood 
is real wood, made by 


“ynwinding” giant logs 


into thin wood sheets 


ite 
Ses 
~ which ore inseparably 
-laminated 
a cross-lami 
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Sets 


to form large, light 
panels having beauty 
— oS and great strength 
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3 Attractive Appearance 


OR A 





Setar Ba. oes 3 











News Digest 





ever, the measured potential tended 
to approximate that of a film-free 
surface as the point of fracture was 
reached. 


Determination of Copper 

To conserve the supply of expen. 
sive and scarce alloying metals, many 
of the high-strength structural steels 
now being prepared for compliance 
to special or national emergency spe. 
cifications are designed to utilize the 
alloy content of the scrap used in the 
steel-making process. This requires 
rapid methods of analysis so that the 
composition of the steel bath can be 
determined and necessary adjust. 
ments in composition and treatment 
can be planned during the melting 
period. 

Though a number of accurate 
chemical methods are available for 
the determination of copper in steel, 
a rapid, one-step procedure specif 
cally designed for the determination 
of copper in alloy steel has been lack- 
ing. This need now appears to have 
been met by a photometric method 
developed recently by J. L. Hague, 
E. D. Brown and H. A. Bright. 

The reliability and accuracy of the 
method were checked by making a 
number of determinations on various 
standard samples of iron and steel. 
An accuracy of the order of 0.001% 
of copper was indicated for samples 
containing less than 0.05% of the 
element. All average values obtained 
for samples containing from 0.5 to 
0.25% of copper were within 
0.005% of the certified value. 

The fact that the nickel content of 
the sample does not interfere in the 
analysis constitutes an additional ad- 
vantage of the new procedure, for 
many of the present-day copper-bear- 
ing steels also require the presence of 
nickel in the alloy. Stainless and 
corrosion resisting steel, nickel-base 
casting alloys, and tool steel can be 
analyzed for copper content as easily 
as carbon steel. 


Plexiglas Tested as Fillings for 
Teeth 


The Air Force Technical Data Dr 
gest has announced that Plexiglas 1s 
now being studied for teeth fillings. 
The fillings come in many different 
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DOW CORNING CORPORATION 
Dept. No. AF-17, Midland, Michigan 


[) Silastic Facts No. 10 

on properties ond performance. 
[] List of Silastic Fabricators. 
Name 


Title 





Company 
Address __ 
City Zone __ State 
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HESE hot air shut-off valves for 
jet planes must give positive con- 
trol of hot air used for such vital 
functions as defrosting, anti-icing and 
the regulation of cabin air tempera- 
ture and pressure. Silastic O-rings 
withstood 3000 cycles at 500°F. plus 
2000 cycles at 600°F. plus 100 cycles 
at 700°F. before life-tests were dis- 
continued. 


At temperatures ranging from —100 
to over 500°F., Silastic shows extra- 
ordinary resistance to compression set 
or to permanent deformation. Extreme 
temperatures, shock and vibration, hot 
oil, oxidation, corona, outdoor weath- 
ering and the mere passage of time 
have little or no effect on the proper- 
ties of Silastic. 


Silastic is, therefore, the best resilient 
gasketing material available for hun- 





DOW CORNING CORPORATION 


DOW CORNING 


dreds of applications ranging from 
seals for domestic steam irons to O- 
rings and gaskets for cylinder liners, 
water ports and oil pans in diesel- 
electric locomotives. And Silastic R 
Tape is the only resilient insulating 
tape that will withstand Class H tem- 
peratures in electric motors, transform- 
ers and coils. 


That’s why design and production en- 
gineers specify Silastic for applica- 
tions where other resilient materials 
are subject to rapid failure. They’ve 
found that, among rubberlike mater- 
ials, nothing compares with Silastic 
for reliability, long life and low main- 
tenance costs under tough service con- 
ditions. 


ATLANTA 
CHICAGO 
CLEVELAND 
DALLAS 

NEW YORK 
LOS ANGELES 


NIRA MIDLAND, MICHIGAN 


WASHINGTON, D.C. 


In Canada: Fiberglas Canada, Ltd., Toronto 
In England: Midland Silicones Ltd., London 
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REVCO 











For Industrial 
Processing, Aviation, 
Chemical, Plastics, 

Oil, Rubber, and 


<a 









AVAILABLE NOW 


REVCO Sub-Zero Chest For 
Testing, For Shrink Fits, For Seasoning 


Gauges and Precision Tools. . . Completely equipped ready for opera- 
tion, will accommodate parts or assembled units up to 23” long, 12 ”’ 
deep, 9” high in the 1.5 Cu. Ft. model and up to 47” long, 16” deep 
and 15” high in the 6.5 Cu. Ft. model. Revco Sub-Zero Chests are de- 
signed and built to meet highest performance standards. They feature 
temperatures of 95° and 85° below zero, respectively, upon continuous 


running in normal room temperature. Other controlled Low-Tempera- 
tures readily attained. 


REVCO Rivet Coolers 
For AIRCRAFT APPLICATION 


Equipped with 90 rivet canisters, each 2” in dia- 
meter and 71%”" long. Six convenient racks each 
hold 15 canisters. Operates efficiently at tempera- 
tures as low as minus 30°F. 














Write for Complete Specifications & Prices 
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tints to match the patient's teeth 
Sable-hair brushes are used to apply 
them, as an alternative to the old. 
fashioned method of grinding them 
into the cavity. 

Plastic fillings were first developed 
by German scientists on the eve of 
World War II. Civilian dentists have 
been trying them out for several 
years. But they es a number of 
special problems for military dentists, 
Specifically, the Air Force wants to 
know how they are affected by ex. 
tremes of altitude, temperature and 
humidity encountered in flight, and 
how they stand up under climates 
ranging om arctic ice fields to trop- 
ical jungles and deserts. 

Twenty-five air bases scattered over 
the world have been selected for a 
thorough study of the fillings that 
may last three years or longer. Dental 
officers will observe how the plastics 
behave under a wide range of cli- 
matic conditions, and will report 
their findings to the School of Avia- 
tion Medicine which is supervising 
the research program. If plastics do 
the job, they will replace expensive 
metals like gold and silver and the 
silicate pastes now used for fillings. 
The iiteaiiers of plastics, aside 
from their colors blended to match 
the teeth, are their extreme toughness 
and the fact that they do not dissolve 
in the fluids secreted by the mouth. 


A new, 20-page booklet, “How 
and Where to Specify Stainless Stee! 
in Architecture,” has just been pub- 
lished by the Committee of Stainless 
Steel Producers, American Iron and 
Steel Institute, 350 Fifth Ave., New 
York. 


Welding Conference Papers Pre- 


sented in Detroit 


The third annual Welding Con 
ference was held in Detroit Apr. 16- 
18. One session covered quality con 
trol, with papers outlining the history 
of government - sees and 
their impact on industry at the pres 
ent time. Another meeting heard 
papers on resistance welding instru- 
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Mineral intensifiers give Park 
Triple A Oil faster quenching speed 
through the critical range resulting 
in faster and deeper hardening. 


LESS DISTORT Gy, 







Fast, uniform hardening in the 
critical range, plus a low cooling 
rate through the temperature zone 
of martensite formation, means 
less distortion from Park Triple 
A Oil. 


IGHT QUENCHING 





Special anti-oxidants used in Park 
Triple A Oil give it greater stabil- 
ity for longer life and bright 
quenching properties. This is im- 
portant when work is quenched 
from carbo-nitriding furnaces. 


For Hot Oil Quenching up to 450° F use Park Thermo 


Unretouched photographs of precision parts quenched from a carbo- . : x 
nitriding furnace in Park Triple A Quench Oil. From left to right are Quench Oil. Send for Bulletin No. F-7. 


Parts quenched the first day, 30 days later, 60 days later, and 90 days 
later. Bright and clean after over 3 months use with no indication of 
reduction of surface cleanliness. 











PF uiapt am, / 
) 

For These Critical Times... ot a A 

«J / anette 
Now more than ever you will need Park Triple A Quench Oil 
... with steels of critical hardenability due to lean alloy content 
and parts manufactured under government contracts, you can’t 
afford costly rejects due to rigid inspection. Get the most from 
your quench oil — get Park Triple A Quench Oil today and save 
on critical material and expensive rejects. Send for Bulletin No. 
F-8 today, for complete information. 
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We may 


KNOCK 
YOUR HAT 
OFF 


with our Quote on 





SAVINGS and DELIVERY 


Sound like exaggeration? Not 
when you know that the elec- 
tronic tube industry looks to 
The Bead Chain Mfg. Co. for its 
millions of radio tube pins. Or, that 
builders of electrical apparatus turn to us 
for the contact pins, terminals, jacks and 
sleeves requiredin tremendous quantities. 

For pin-like parts, and variations of 
bushings needed for mechanical pur- 
poses, as well, we are the money-saving 
supplier to scores of famous makers of 
products like toys, business machines, 
appliances, ventilators. 





You save... if we can make it! We can 
almost say with certainty that if we can 
make that part (ap to \4" dia. and to 
114" length) you use in large quantities, 
we can show you a big saving. And, as- 
sure on-time deliveries to meet your 
defense work schedules! We have some- 
thing unique back of that claim... 


Low Cost Way to Get Parts 
for Many Mechanical Uses 


Shaft bearings—Foot or rest pins 
—Spacers between parts—Shoul- 
der pins for permanent attachments. 
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STOP PIN 
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FRICTION FASTENER hoo Ss 
U 


Se 


SPRING ANCHOR 
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Nobody has What We Have! To be able to 
produce our famous Bead Chain to sell 
for pennies per yard, we had to develop 
our own equipment and method... our 
Multi-Swage Method. 


Instead of turning and drilling parts 
from solid rod, or stamping and forming 
them, our Multi-Swage Method auto- 
matically swages them from flat stock 
into precision tubular forms, with tight 
seams. By increasing the production 
rate many times and eliminating scrap, 
this saves a large part of the cost by other 
methods. 


What We Can Make. Parts may be 
beaded, grooved, shouldered, and of 
most any metal. Generally, should not 
exceed 4” dia. or 114" length. Catalog 
shows many Standard Items available in 
small quantity. Special Designs must usual- 
ly be ordered in lots of a half-million or 
more, unless they are frequently re- 
ordered. 


Get Cost Comparison. Send blueprint or 
sample and quantity requirements. We 
will return an eye-opener on economy. 


Let BEAD CHAIN make it by 


Address 


MULTI-SWAGE 
_ METHOD 


amt | want this 
st Catalog — Data Folder 


The Bead Chain Mfg. Co. 
15 Mountain Grove St., Bridgeport, Conn. 


Name, title 


Company ' iin candela eliaaivn 
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mentation. A third meeting covered 
power supplies for resistance welding 
machines. Resistance welding, with 
particular reference to up and down 
slope, a new three-phase welding sys. 
tem for aluminum, and the problems 
of aircraft spot welding, was the sub 
ject of another session. 

On the subject of arc welding, two 
sessions were held. The first was on 
fundamental arc. The second was on 
practical arc welding, with papers on 
the consumable electrode arc in inert 
gas, an arc welding process for smal! 
aluminum wires, and qualitative in. 
strumentation for d.c. arc welding. 


NACA Publishes Research Abstracts 


The National Advisory Committee 
for Aeronautics recently published 
reports on a number of research proj 
ects of interest to materials engineers 
Copies of these reports are available 
from the NACA, 1724 F St., N. W.. 
Washington 25, D. C. The following 
reports are available: 

“The Effect of Current Variation 
on the Out-of-Balance of Strain 
Gauge Bridges.” J. B. B. Owen 
(ARC R & M 2497; ARC 10, 456 
Formerly RAE Tech. Note SMI 
389.) 

“Creep Tests on Some Cast Mag 
nesium Alloys. Parts I, Il and Ill.” 
A. E. Johnson and H. J. Tapsell 
(ARC R & M 2675; ARC 8281; 
ARC 8306. Formerly ARC 7595; 
ARC A. 459.) 

“Influence of the Testing Machine 
on the Flexural Failure of Panels.” 
W.S. Hemp. (ARC R & M 2539. 
Formerly ARC 9090; Strut 953.) 

“Preliminary Note on the Use ol 
Light Alloys Having High Values ol 
the Modulus but Low Proof Stresses 
H. L. Cox. (ARC R & M 2488; 
ARC 10, 236). 

“The Effect of Grain Direction on 
the Mechanical Properties of Light 
Alloy Extrusions.” Compiled by D 
M. McElhinney. (MOS S & ™ 
14/15; Metropolitan-Armstrongs 
Ltd., Weybridge. VTO/M/208.) 

“Diffusion of Chromium in Alph: 
Cobalt-Chromium Solid Solutions 
john W. Weeton. (NACA Rept 
1023. Formerly TN 2218.) 

“Direct-Reading Design Charts fo: 
75S8-T6 Aluminum-Alloy Flat Com 
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freee "most anything can be designed and 
molded by Prolon Plastics! 


The two products above are part of the range 
of Prolon products. The light diffuser is the solu- 
tion to two major problems: for Lightolier—a 
unit which would evenly diffuse the light of 
fluorescent lamps, without the checkered glare of 
old style units. For Prolon—the challenge of 
injection-molding such a large unit from Plexiglas. 
The problems were both solved. Now Prolon can 
produce such light diffusers in any size! 


The washing machine agitator is another 
triumph of Prolon Plastics. These units used to 


Prolon Plastics (D) Pro-phy-lac-tic Brush Company, Florence, Mass. 


1952 





Mr Light diffuser—the larg- 
est ever injection-molded in 
Plexiglas. This fixture, for Light- 
olier, is 4 feet long, and is used 
for diffusion of fluorescent light. 





x 





Washing machine agitator 

the type now used by most 
manufacturers. Strong, solid, 
with no pitting from action of 
detergents. 





| 
be made of metal, and were subject to pitting 1 
from detergent-action. The agitator by Prolon | 
has all the advantages of previous materials, plus 
resistance to chemical action! || 


Prolon has plants at Florence, Massachusetts, 
and Toronto, Canada. Prolon ™ 

services cover the field—from 
research and design to mold- 
ing (compression and injec- 
tion) and assembly. Send for 
this free booklet, showing 
the complete range of Prolon 
facilities. Address: [ 
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WHEN PURITY COUNTS 
USE 


VITREOSIL 


TRAYS 





Immune to 
Extreme Chemical, 
Thermal and Electrical 
Conditions. Non-catalytic. Non- 
porous. 


VITREOSIL CRUCIBLES permit the 
production of compounds of real 
purity; and do not absorb material. 
It is possible to wind Vitreosil Cruci- 
bles with wire for direct electrical 
heating. Made in glazed and un- 
glazed finish. 


VITREOSIL DISHES for concentrat- 
ing, evaporating and crystallizing 
acid solutions. Made in large and 
small sizes and types as required. 


VITREOSIL TRAYS are made in two 
types; four sided with overflow lip 
at one end for continuous acid con- 
centration; and plain. Our Techni- 
cal Staff places itself at your 
disposal for further data. For details 
as to sizes, prices, etc., 


Write for Bulletin No. 8 





THE THERMAL SYNDICATE LTD. 


14 BIXLEY HEATH 
LYNBROOK, N. Y. 
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pression Panels Having Longitudinal 
Extruded Z-Section Stiffeners.” Wil- 
liam A. Hickman and Norris F. 
Dow. (NACA TN 2435.) 

“Development of Aluminum AIl- 
loys Having a High Young’s Modu- 
lus.” G. Meikle, J. Thompson and 
M. E. Whillans. (RAE Tech. Note 
Met. 149.) 

“The Mixing of Casein Glues.” 
P. M. C. Lacey. (Forest Products 
Research Lab., AMP 20/2.) 

“The Deformation of Silver Wire 
at High Temperature.” A. P. Green- 
ough. (RAE Tech. Note Met. 151.) 


Nickel Conservation Research 
Announced by Alloy Casting 
Institute 


Conservation of  vitally-needed 
nickel and chromium in heat resistant 
castings is the objective of important 
research just announced by the Alloy 
Casting Institute of Mineola, N. Y. 
Conducted at the Battelle Memorial 
Institute, research has been concen- 
trated on developing a heat resistant 
material of lower alloy content than 
the high nickel alloys frequently used 
in 900 to 1400 F service. From 
knowledge of the iron-chromium- 
nickel alloys system and field experi- 
ence, casting metallurgists selected an 
alloy containing 21 chromium and 
9% nickel, designated as the HF 
type, as the material most likely to 
provide the combination of strength 
and corrosion resistance required for 
“intermediate temperature’ (900 to 
1400 F) service. Tests to date indi- 
cate that this alloy offers a promising 
solution to the requirements of such 
service. 

Several years ago it was recognized 
that increased use of industrial proc- 
esses operating in the 900 to 1400 F 
temperature range would create a de- 
mand for a somewhat lower alloyed 
material than the grades normally 
employed at higher temperatures. A 
limited alloy development study was 
authorized by the Alloy Casting Insti- 
tute as part of the broad high 
temperature research program spon- 
sored at Battelle for many years by 
the national organization of high 
alloy foundries. But when the post- 
Korea rearmament program rapidly 
brought about a shortage in the 








ee ad 2 = 


CR mar me perce: sate 








for " 
all your 


TEFLON* 
and KEL-F 


requirements 


SHEETS 

RODS and TUBING 
BARS 

CYLINDERS 

TAPE 


MACHINED PARTS 





MOLDED PARTS 








- 


PROFIT from our broad experi- 
ence and greater “know-how,” 
and our completely modern 
specialized facilities for rapid, 
low-cost production. 


Ask for catalog No. 300 or write 
outlining your requirements. 





FLUOROCARBON PRODUCTS DIV. 





UNITED 
STATES 


GASKET 


COMPANY 


CAMDEN 1, 
NEW JERSEY 


*duPont’s trademark for 
its tetrafluoroethylene resin 


FABRICATORS OF “TEFLON,” “KEL-F” 1 
AND OTHER FLUOROCARBON PLASTICS q 
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in Metal and Alloy Plating 


INCREASE: OUTPUT ! 
LOWER Y 
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NICKEL FLUOBO on" 
1RON + Experimental Qu 


Important practical advantages 
B&A Metal Fluoborates offer you: 


VY No mixing or dissolving 
necessary ... supplied in con- 
centrated solution form 


Vv Good covering power 
Vv Faster, high-speed operation 


AND MANY MORE— 


In addition to these general op- 
erating advantages, each B&A 
fluoborate bath has a number of 
special advantages for its particu- 
lar applications. 


v Easier bath preparation 
VY Stability of bath composition 
v Ease of control 


V Practically 100% anode and 
cathode efficiencies 


V High conductivity 


VY Fine-grained deposits of 
good color 


BAKER & ADAMSON Zc Genial 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 

a) Gas a> cap ea om 40 RECTOR STREET, NEW YORK 6, N.Y. ee wee ee we oe 
Offices: Albany* © Atlanta * Baltimore * Birmingham* ¢ Boston* * Bridgeport* * Buffalo* 
Charlotte* © Chicago* * Cleveland* * Denver* © Detroit* * WHouston* * Jacksonville 
Kalamazoo * Los Angeles* * Minneapolis * New York* ¢ Philadelphia* ¢ Pitctsburgh* 
Portland (Ore.) © Providence* * St. Louis* * San Francisco* * Seattle * Yakima (Wash.) 

In Wisconsin: General Chemical Company, Inc.. Milwaukee, Wis. 
In Canada: The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vancouver* 
SETTING THE PACE §N CHEMICAL PURITY SINCE 1882 
*Complete stocks are carried here 


For operating data, experimental 
oz commercial quantities—or for 
free technical consultation—write 
or phone the nearest B&A office. 
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OUR Costs! 









OY 


For plating airplane and other 
heavy-duty bearings. 


Oe 


For coating copper and steel 
wire. 





For plating rotogravure cylin- 
ders, stereotypes, electrotypes. 


For barrel-plating of hardware, 
housewares. 









For decorative finishes on jew- 
elry, other accessories. 


For plating radio and electronic 
parts. 





REAGENTS 


STANDARD 
or 
PURITY 


FINE CHEMICALS 
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*These are just a 
few of the investment castings 

produced by Casting Engineers, Inc. at savings 
of at least 50% under cost of machining—a rate of 

2 investment castings for the price of 1 machined part! 





INVESTMENT CASTING: 


p> effects major savings thru elimination of _ 
machining, handling raw material stock, rejects 
and spoilage, inspections, labor and overhead. 


p> isa “blueprint to stockpile” method, permitting 
use of stainless steel, tool steels, high speed 





steels and non-ferrous metals. 


p> is a fast, flexible process, enabling you easily 
to maintain your production schedules on both 
small and large runs. 





For full facts about important savings, send for bulletin, 





“Cost Reduction Thru Investment Casting.” Write: 


\NEF ’ ' | 
ee, (O\STNIG ENGINEERS 
5; oe 


2 y 2 IN Cc . 
Q 
Sioy we 2323 BOSWORTH AVENUE, CHICAGO 14, ILL. 
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nickel supply, this added incentive 
causé¢d the project to be given prime 
consideration, and intensive work 
was started in October 1950. 

By June 1951 the nickel shortage 
became so acute that the National 
Production Authority started a pro. 
gram of “downgrading” alloys. This 
was formalized for heat resistant ma. 
terials by order M-80, Schedule C 
issued last December. The order 
places maximum limits on the nicke| 
and nickel-chromium contents per. 
mitted for various temperature zones, 
For certain furnace parts and for oil 
refinery, synthetic rubber processing, 
cement mill and power boiler equip. 
ment in the intermediate temperature 
zone, the order limits maximum 
nickel content to 11%. Thus, alloys 
of the HF composition are the maxi 
mum permitted by the order for such 
uses. 

The Battelle research team, under 
the supervision of J. H. Jackson, is 
now investigating a series of 14 com- 
positions within the HF alloy specifi- 
cation range, to determine which 
compositions will offer optimum me- 
chanical properties at elevated tem- 
peratures. If the present research on 
HF alloy continues favorable, then 
user should be able to substitute this 
grade in many intermediate tempera- 
ture applications for materials con- 
taining from 30 to 100% more 
nickel, thereby freeing supplies of 
this vital element for higher tempera- 
ture applications, where its use is 
indispensable. 

The HF grade probably would 
have been investigated for this use 
a long time ago, except for the mis- 
taken assumption that its properties 
in the 900 to 1400 F range are 
markedly inferior to the higher alloy 
materials now used. This incorrect 
idea doubtless arose from the fact 
that the wrought stainless steels con- 
taining about 18 chromium and 8% 
nickel have considerably less high 
temperature strength than the cast 
alloys of the 25 chromium-12% 
nickel and the 35 nickel-15% chro- 
mium types. However, this is not 
true in cast alloys, since the latitude 
of compositions possible in cast alloys 
allows use of chemical ranges un 
suited to wrought alloy production 
Tests now being made indicate th 
cast HF material to have strengt! 
properties comparable to higher al 
loyed cast grades at these intermedi 
ate temperatures. 

This development is a striking il- 
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| ... helps solve your 
_ You be the judge of carbon’s | 
. vera arts problem 
. Sawed High corrosion resistance 
y Drilled High heat transfer 
t Milled Low electrical resistance . : 
t a High thermal shock resistance Faced with a materials shortage? 
. Ploned Not wetted by molten metals 
Hobbed esate Then carboneering—the development of new and unusual 
Ground ers oe product applications for carbon—might provide the | 
: Matdes tigi eet wander TOeapntes answer for you, as it has for so many others | 
Extruded Self-lubricating (Graphite) 4 , 1] 
The power industry, for example, wanted a packing ring ) 
; for turbine shafts that really stopped steam leakage. 
| 3 Speer experts carboneered the answer—a turbine ring of 
™ carbon. Carbon, because its self-lubrication minimized 
ones: friction, and because fine machining in Speer shops to 
; PEER 7, +.001” meant reduced leakage. 
4 For a contrasting part such as a glass mold, carboneering | 
St. Marys, Pennsylvania by Speer produced the answer, too. Here, carbon’s | 
SUBSIDIARIES: resistance to heat, its dimensional stability and inertness 
Speer Resistor Corp. + international Graphite & Electrode Corp. were all important in producing the desired mold. 


it 
Jeffers Electronics, Inc Whatever your need, Speer engineers stand 


ready to help. Get in touch with them 
today—or write us, stating your problem. 
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And today, it’s the same story 
with the modern “‘flat-tops’’. 
Technical progress has been 
made also in STAR porcelain 
products. Long ago we dis- 
carded the “single formula” 
for ceramic insulation. Specific 





formulae, with various mechanical 

and electrical properties have been de- 
veloped for hundreds of different applications. 
Make it a point to investigate STAR porcelain for 
the properties you need—physical and dielec- 
tric strength, thermal shock, moisture resistance, 
and others. 


Write or call today for 
your copy of this brochure 
with full descriptions and 
engineering data on STAR 
ceramics. 
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lustration of the fact that the same 
nominal composition in wrought and 
cast alloys does not mean that me. 
chanical properties of each materia 
are the same—frequently, they are 
quite different. This situation points 
up the necessity for using the AC] 
alloy designations in ordering cast. 
ings, rather than the AISI type num. 
bers (302, 304, etc.) which are as. 
sociated with wrought materials only. 


Tin-Zinc Plate Protects Steel Bolts 


in Aluminum Structures 


An 82-20 tin-zinc alloy plate is the 
best protection for steel bolts used in 
aluminum structures, according to 
tests conducted at the Fulmer Re. 
search Institute in England and re. 
ported by the Tin Research Institute 

Laboratory and field tests were run 
on sherardized, zinc plated, black 
oxide finished, cadmium plated, phos- 
phate coated and tin-zinc alloy plates 
steel bolts. One set of specimens of 
each coat was exposed to one of the 
following: 3% salt spray; humid 
SO, atmosphere; marine atmosphere; 
industrial atmosphere. In every case 
the zinc-tin alloy coatings protected 
the bolts and gave rise to a minimum 
amount of corrosion of the alumi- 
num. Zinc coatings gave the next best 
performance, protecting tne steel with 
slight attack of the aluminum, al- 
though more corrosion products were 
formed and the bolts were less easy 
to remove. None of the other coat- 
ings gave full protection. 


Deadline Nears for Certification of 
Induction and Dielectric Equipment 


The National Electrical Manufac- 
turers Association wishes to call to 
the attention of all users of induction 
and dielectric heating equipment, 
particularly those whose equipment 
was manufactured prior to June 15, 
1947, the provisions of the FCC 
Rules and Regulations, Part 18, relat 
ing to radiation and communication 
interference from industrial induction 
and dielectric heating equipment. 

In essence, the rules require certi- 
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PROVIDES BETTER MECHANICAL PARTS 


If you are a quantity user of small mechanical 
parts you will find it profitable to investigate 
the advantages of Chicago Molded nylon. And 
for good reason. Nylon is exceptionally tough 
and resistant to wear. Its structure tends to 
dampen vibration and lessen noise. In many 
applications nylon requires little or no lubrica- 
tion. And it is not affected by petroleum oils 
and greases, alkalis and dilute acids. 


Balance these qualities and characteristics 
against the requirements of such things as your 
gears, bearings, pawls, grommets, cams, bob- 
bins and washers. It’s easy to see why the 
preference for nylon continues to grow. 


However, nylon itself is only a raw material. 
Its performance, as a part of your product, 
depends upon the way it is molded. Its fabrica- 


tion requires the ‘““know-how”’ that comes only 
with long experience. 


And, speaking of experience, Chicago Molded 
was one of the very first to mold nylon and is 
today one of the largest molders of nylon parts. 
Such experience can help you to utilize the tre- 
mendous advantages of nylon to the fullest 
extent. 


Of course, we mold all other plastics materials, 
too. You'll find here the most modern facilities 
for compression, injection and transfer mold- 
ing . . . every needed size and type of press for 
fast, economical production of even your 
largest quantity requirements. 


So...if it calls for molded plastics, it will pay you 
to discuss plans witha Chicago Molded engineer. 
Just write, wire or phone. There’s no obligation. 





Facts you will tnt eben! 


NYLON 





ee PRODUCTS CORPORATION 


MPD 


A ¢ 4 — 

ASK FOR THIS BULLETIN Siesiean wiaaband : o 

it contains worthwhile information about OF ALL : 

nylon, its qualities and characteristics, and , 
Giscusses many typical opplications. , 


Write tor your free copy —on company 


letterhead, please. 1026 NORTH KOLMAR AVENUE e CHICAGO 51, ILLINOIS 
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Have you ever tried to remove rust-preventive oils and greases? 
It’s a messy, time-consuming job...it’s one your customers 
don’t like ...and it’s really unnecessary! Now... thanks to 
Nox-Rust Vapor-Wrapper your customers can receive machines, 
parts and equipment “factory-fresh”’.. :ready to use. There’s 
no disassembling . .. no de-greasing needed.-What’s more, -you 
save time, work and money by eliminating. old-fashioned rust- 
preventives. When parts are packaged in sheets or bags of 
Vapor-Wrapper, they’re safe from rust and corrosion for years. 
Find out the facts about this improved, modern method of rust- 
prevention. Just attach the coupon below. to your letterhead 
for full details without obligation. 


NOX-RUST VAPOR- WRAPPER 

















ENVELOPES BAGS CASE-LINERS 
CAUTION 





NOX-RUST Chemical Corporation 
2473 Sevth Halsted « Chicago 8, Illinois 


CHEMICAL CORPORATION 
Your Name 


cf LID 
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2429 S$. Halsted « Chicago &, Illinois 


Detroit « Baltimore «¢ Philadelphia 


San Francisco « Los Angeles Address 





(if different from letterhead) 


City Stete— 
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fication, on or before June 30, 1957 
of compliance with certain minimum 
radiation requirements for all equip. 
ment installed or manufactured prio; 
to July 1, 1947. A period of five 
years was allowed by the Commission 
for users of uncertified equipment to 
properly check and obtain certifica. 
tion of their equipment. The dead. 
line date of June 30, 1952 is rapidly 
approaching, and all such users of 
uncertified equipment should take 
due notice and take steps to comply 
with the Commission’s Rules. 

It is suggested that users of older 
type equipment contact the manu. 
facturer of the equipment or a con- 
sulting engineer for guidance in com. 
plying with the rules. A complete 
copy of the FCC Part 18, Rules and 
Regulations Relating to Industrial, 
Scientific and Medical Service, may 
be obtained from the. United - States 
Government Printing Office, Wash- 
ington, D. C. 


ASTM Holds Symposium on Testing 
Metal Powders and Sinterings 


Committee B-9 of the American 
Society of Testing Materials held a 
symposium on methods of testing 
metal powders and metal. powder 
parts at the Cleveland meeting of the 
Society in March. 

This.symposium consisted of seven 
papers presented in a morning and 
an afternoon session. The morning 
session was devoted to methods of 
testing metal» powder:products and 
the afternoon session to metal pow- 
ders. F. V. Lenel, Rensselaer Poly- 
technic Institute; headed the Sym- 
posium .Committee. 

The “first paper, “Quality Control 
of Metal Powder Gears,” was by W. 
A. Hinkle, Quality Control Engineer, 
Trenton Works, General Electric Co. 
The automatic »washing-machine built 
at the Trenton plant uses a train of 
four gears which were-originally de 
signed to be machined from a foun- 
dry product. Instead, the company 
is using copper infiltrated metal pow- 
der gears, which it purchases. Be- 
cause of this mew «material, | the 
question arose whether the dimen- 
sional tolerances required for satis- 
factory running of the gears and a 
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th greater profits! 

. Now that there is being dispelled much of the carefully 

ly guarded mystery which for years surrounded pro- 
prietary molding of complex metal powder parts, 

4 every design engineer can seriously consider powder 

4 metallurgy as an alternate source for thousands of small 

n- and medium-size components . . . with confidence of 

te authoritative help from scores of independent sources. 
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Yes, blending, molding and sintering techniques and 
equipment have come of age. And the Watson-Stillman 
Company—first mame in hydraulic presses—has par- 
ticipated in every step of this great new industry’s 
growth. Equipped with high-speed hydraulic molding 
and briquetting presses from the W-S COMPLETE- 
LINE, you can now enjoy a combination of production 
advantages . . . in some cases, all of the following: 
® simplify design 
@ drastically cut production time 
© eliminate one or more operations 
@ reduce overall tooling 


' aN @ decrease rejects 
, ® increase man-hour productivity 


®@ hold closer, more uniform tolerances 


® employ acceptable substitutes for critical, 
controlled materials 


The W-S COMPLETELINE includes opposed-ram 
molding machines from 50-50 to 300-300 tons with die- 
fill to 15”, for parts to 10” diameter; also a line of 
briquetting presses to 5,000 tons. 


all ow ~lUr 





See a W-S representative soon—start cashing in on this 
revolutionary new production technique. 


HYDRAULIC MACHINERY DIVISION 


GEE Factory and Main Office: 162 Aldene Rd. halk SOW “STULIMANW 2 


ESTABLISHED 1848 
ROSELLE, NEW JERSEY 
Branch Off. 228 N. LaSalle, Chicago Ill. » Manufactured in Canada by Canadian-Vickers, Ltd., Montreal 





REPRESENTATIVES ee OE hE is a0 cece ars qoucccbenete H. M. Royal, Inc. 

SEC ee ae see ae Watson-Stillman Co. Pittsburgh 19, Pa.............+--++++0e: Stanley Berg & Co. 
Birmingham 3, Alo................... George M. Meriwether Portland, Ore................-. Machinery & Tool Supply Co. 
Re Pe ee Don W. Patterson Co. San Francisco 7, Cal............. Schellenbach Machinery Co. 
NESE IESE SR ee ep M & R Sales Co. Seattle, Wash.................. Machinery & Tool Supply Co. 
Se ee Peer Overgard Machine Tool Co. Spokane 8, Wash............... Machinery & Tool Supply Co. 

o-M.39 Indianapolis 20, Ind.............. Millholland Machinery Cc. i We Gr ns ccecesceteses en Anderson Machine Tool Co. 


W-S “COMPLETELINE’’—SHORTEST DISTANCE FROM PRODUCTION TO PROFIT 
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this new WELDING DESIGN MANUAL 





To assist you in your re-tooling 
problems...or to help you an- 
alyze your present welding 
methods so that you may enjoy 
maximum speed, efficiency, and 
economy in many of YOUR pro- 
WELDING aioys duction problems... 


Giant new 4th Edition contains 62 new photographs, 
132 new drawings, 72 pages of helpful data covering 
basic and advanced welding techniques and designs 
used in fabricating and assembly. Profusely illustrated 
with application drawings; weld diagrams; tables of 
melting temperatures, strengths, corrosion factors; 
charts; alloy recommendations; etc. Convenient digest 


size. 

This just-off-the-press book is “‘must” reading for anyone 
engaged in defense production and design, and will 
certainly be time profitably spent for any production man. 
...The unbelievable savings in metal-joining which can now be yours 
through the use of “Low Temperature Welding Alloys”® discovered a 
few years ago and now used in over 78,000 industrial plants throughout 


America for more efficient metal-working production as well as for 
salvaging irreplaceable tool and machine parts. 


Over 100 different, new, EUTECTIC Low Temperature WELDING ALLOYS® and 
EUTECTOR® Fluxes are job-engineered for use on ALL metals — cast iron, alloy steels, 
aluminum, copper and nickel alloys, die castings, overlays, etc., and may be applied with 
ALL heating methods — torch, arc, furnace, induction heating, etc. 


SEND FOR YOUR COPY TODAY! 
EUTECTIC WELDING ALLOYS CORPORATION 
172nd Street at Northern Boulevard ¢ Flushing, New York, N.Y. 
ma 1 ee ee ee ee ee ee 
EUTECTIC WELDING ALLOYS CORPORATION 


M & M-5 172nd St. & Northern Blvd., Flushing — New York, N. Y. 
i This new manual of yours sounds like a very helpful book. Send me a FREE copy i 


with the understanding that there will be no cost or obligation now or later. 


Signed 2 


Firm ‘i 























‘ Address Zone 8 
City __State : 
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high enough shear strength of the 
gear teeth to withstand the loads ap. 
plied to them could be maintained 
in commercial production. By means 
of statistical analysis continued over 
a one-year period, Mr. Hinkle way 
able to show that the control of both 
dimensional tolerances and of shear 
strength in these gears was satis. 
factory. 

Captain John D. Dale, of Frank. 
ford Arsenal, presented a paper on 
“Methods and Devices for Testing 
Sintered Iron Rotating Bands.” These 
bands had been developed during the 
recent World War by the German 
forces principally to save critically 
short copper. Intensive studies led 
to the conclusion that they may be 
not only a satisfactory substitute, but 
even superior to the conventional 
driving bands made of gilding metal. 
The Germans found it necessary to 
specify in detail the raw material and 
the processing steps in order to ob- 
tain a satisfactory product. In con- 
trast, the efforts of the Army 
Ordnance Corps are directed towards 
developing methods of testing the 
finished products which would in- 
sure satisfactory performance of the 
band in ballistic tests. Captain Dale 
described in detail both the German 
and the American methods for test 
ing these bands. 

The paper on “Porous Stainless 
Steel Compacts for Transpiration 
Cooling” by F. V. Lenel and O. W. 
Reen, Rensselaer Polytechnic Insti- 
tute, was presented by Mr. Reen. 
Transpiration cooling is a particu- 
larly effective method of cooling 
components in jet and rocket engines 
in which the coolant, passing through 
the porous component in a direction 
opposite to the heat flow, gradually 
increases in temperature and finally 
forms a protective layer on the sur- 
face which is exposed to heat. When 
transpiration cooling is to be used in 
turbine blades for turbo jet and turbo 
propeller engines, the porous mate 
rial must not only have sufficient per- 
meability so that the desired amount 
of coolant will pass through them, 
but must also withstand the centrifu 
gal stresses imposed upon the blades 
at their operating temperature. The 
paper described methods for testins 
the permeability, the room tempera 
ture tensile strength, and the stress 
to rupture for various times at 1100 
F, for compacted and sintered speci- 
mens. Data on the relationship be- 
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Want to deburr a hard-to-reach spot on a production job, 
polish an inside surface, round a corner, chamfer an edge, 
or what have you? Among these BEHR-MANNING Abrasive 
Tools you will find just the right trick to handle the operation 
in jig-time and safeguard your profits. These tools are all 
adaptations of the famous BEHR-MANNING METALITE® 
Cloth, but so formed as to work on a mandrel or expanding 
drum, in any chuck on a portable or stationary spindle. 
They're available in a wide range of sizes and grits. 


Look these tools over with your own production problems 
in mind. Make your own check-up, or better still let your 
local BEHR-MANNING Abrasives Engineer do it — write us. 


, 


The booklet ‘‘Blueprints for Production’ 
gives various case histories that show 
you new ways to cut costs with 
BEHR-MANNING coated abrasives. 
Write for it — address Dept. MM-5. 


“we @& COATED ABRASIVES 
EHR N #& SHARPENING STONES 


CORPORATION 


@ PRESSURE-SENSITIVE TAPES 


Main Office and Plant: Troy, N. Y. 


ivision of NORTON Company For Export: Norton Behr-Manning Overseas, Inc. 


/0bs become easy with 
_ BEHR-MANNING 


Spoectal Abrasive Tools 
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Slap-troweling Blazecrete on a furnace lining under repair. 


You can speed refractory repairs 


with J-M BLAZECRETE 





You'll find Johns-Manville Blazecrete* 
ready at a moment’s notice to quickly and 
economically build mew refractory lin- 
ings or repair old ones. 

Just mix Blazecrete with water, as you 
would mix ordinary concrete, then gun 
it on or slap-trowel it on. Either way, 
Blazecrete goes on fast 

. there’s no /aborious 
ramming or tamping. 





Street, Toronto 1, Ontario. 


3X BLAZECRETE 


For temperatures through 3000F. 
Unusually effective for heavy patch- 
ing, especially where brickwork is 
spalled or deeply eroded. Excellent 


All Blazecrete products harden on air curing... can 
then be fired or left standing indefinitely. For further 
details, send for Brochure RC-28A. It also tells abous 
Blazecrete’s companion material, Firecrete* . . . the 
hydraulic setting castable refractory for making spe- 
cial shapes and linings. Just write Johns-Manville, 
Box 60, New York 16, N. Y. In Canada, 199 Bay 


When gunned, it adheres readily with a 
minimum of rebound loss. 

You'll find Blazecrete a hydraulic set- 
ting refractory that will not harm work- 
men’s hands. It is furnished as a dry mix, 
and can be stored indefinitely. To meet 
the requirements for various operating 
temperatures, Johns-Manville developed 
three types of Blazecrete . . . and each is 
available for prompt delivery: 


for building and repairing forge 
furnace linings, burner blocks—and 
for lining ladles in ferrous and non- 
ferrous foundries. 


STANDARD BLAZECRETE 


For temperatures through 2400F. 
For building new and repairing old 
refractory linings. Makes repair 
work easier and less costly. Can be 


L. W. BLAZECRETE 


For temperatures through 2000F. 
An insulating refractory .. . light in 
weight, low in thermal conductivity. 


used by boiler manufacturers to re- 
place fire clay tile in wall construc- 
tion. Standard Blazecrete does not 
require pre-firing. 


For building new linings and repair- 
ing old. Adaptable and economical 
for many other applications. 





*Reg. U.S. Pat. Off. es 
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tween permeability and strength 
properties of compacts made of vari. 
ous stainless steel alloy powders were 
presented. 

The paper by A. D. Stevens ana 
J. C. Redmond, of Kennametal, Inc, 
on ‘Methods of Testing Cemented 
Carbide Compositions’ discussed 
such methods as chemical analysis, 
x-ray diffraction analysis, density, 
Rockwell A hardness, modulus of 
rupture, and photomicrographic ex. 
amination as applied to cemented 
carbides for use in tool materials, 
Most of these methods are now under 
consideration by Committee B-9 for 
possible standardization. A proposed 
method for determining the type and 
amount of porosity by microphotog- 
raphy is to be presented to the So- 
ciety shortly for publication. 

All three papers of the afternoon 
session were concerned with methods 
for measuring the particle size and 
particle size distribution of metal 
powders. R. P. Seelig, the American 
Electro Metal Corp., presented a lit- 
erature survey entitled “Particle Size 
Determination in Metal Powders.” 
Starting with a discussion of the defi- 
nition of particle size in powders, he 
covered methods of sieving, visual 
observation under the optical and 
electron microscope, sedimentation 
and elutriation methods based upon 
Stokes’ law, and methods based on 
the determination of specific surface, 
such as the pressure drop of a fluid 
passing through a bed of powder, 
turbidimetric and gas adsorption 
methods. 

P. S. Roller discussed ‘Metal Pow- 
der Size Determination by the Roller 
Air Analyzer.” This instrument is 
widely used in the metal powder in- 
dustry. Its method of size determi- 
nation is based upor. the elutriation 
of a metal powder by a stream of air. 
The author presented data which will 
be of particular use in determining 
the end point in particle size deter- 
mination and in evaluating the 
method for. use with irregularly 
shaped particles. 

The last paper, ‘Some Experiences 
in Specific Surface Measurement by 
Low Temperature Gas Adsorption, 
was by J. B. Haertlein and J. F 
Sachse, Metals Disintegrating Co 
Gas adsorption methods had been 
applied previously, principally to 
catalysts and to pigments. Mr. Haert 
lein showed that the method is also 
applicable to metal powders, giving 
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FILLING THE BILL 











NIALK® TRICHLORethylene.. . 
specially developed to meet the 
highest standards for a metal-cleaning 


and degreasing agent. 





NIAGARA ALKALI COMPANY 


60 East 42nd Street, New York 17, N. Y. 





Liquid Chlorine e Caustic Potash e Carbonate of Potash e Paradichlorobenzene e Caustic Soda 


TRICHLORethylene @ NIAGATHAL® (Tetrachloro Phthalic Anhydride) 
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A simple method of 
controlling temper- 





atures in: 

© WELDING 
eFLAME-cuTTING  .4° 
© TEMPERING available 
© FORGING in pellet 
® CASTING and 
@ MOLDING liquid 
@ DRAWING form 


@ STRAIGHTENING 
® HEAT-TREATING 
IN GENERAL 


it's this simple: Select the 
Tempilstik® for the working 
temperature you want. Mark 
your workpiece with it. When 
the. Tempilstik® mark melts, 
the specified temperature has _— gives up 


to 2000 
been reached. , ac ol 








Available in these temperatures (°F) 





113 | 263 400 950 1500 
125 275 450 1000 1550 
138 288 500 1050 1600 


150 | 300 550 1100 1650 
163 | 313. | 600 | 1150 | 1700 
+ 325 | 650 | 1200 | 1750 
200 | 338 | 700 | 1250 | 1800 
313 | 350 | 750 | 1300 | 1850 


225 363 800 1350 1900 
238 375 850 1400 1950 
250 388 900 1450 2000 


FREE —Tempil® “Basic Guide 
to Ferrous Metallurgy" 
— 164%,” by 21” plastic-laminated wall 


chart in color. Send for sample pellets, 
stating temperature of interest to you. 
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Mele)*j-le) 
-% PSS: 
% SERVICE<3< 


CLAUD S. GORDON CO. 


Manufacturers & Distributors 


Thermocouple Supplies «+ Industrial Furnaces & Ovens 
Pyrometers & Controls « Metallurgical Testing Machines 


Dept. 24+ 3000 South Wallace St., Chicago 16, Ill. 
Dept. 24+ 2035 Hamilton Ave., Cleveland 14, Ohio 
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comparative data with the Roller air 
analyzer and Fisher subsieve sizer 
methods. Particularly for very fine 
powders having internal porosity, the 
adsorption method is able to detect 
significant differences ‘n specific sur- 
face which cannot be found by other 
methods. 


Thermal indicators made of paper 
have been developed by the Army 
Quartermaster Corps. They are capa- 
ble of instant temperature readings 
from 115 to 500 F. The thermometer 
consists of white pigment coating on 
black Ba a The coating can be de- 
signed to melt at any definite tem- 
Seger leaving a black background. 

e indicators can be used by color- 
blind people, and commercial pro- 
duction should bring cost down to a 
few cents each. 


World’s Largest Water-Cooled Mold 
Installed 


What is claimed to be the world’s 
largest watet-cooled slab mold, built 
by the Machine Div. of Torrington 
Manufacturing Co., is now being in- 
stalled in the New Bedford, Mass., 
plant of Revere Copper and Brass. 
Larger cakes can be cast than by 
previous methods, so that economies 
will be effected in the casting and 
processing of brass. The mold weighs 
over 40,000 Ib and stands 8 ft high. 
A Muntz metal slab weighing 8,000 
Ib can be cast in the mold, which is 
so designed that eventually it can 
cast a slab 10 in. thick, weighing 
10,000 Ib. 

An outstanding feature is the in- 
tricate water cooling system. A honey- 
comb compartment designed for 
maximum cooling power lies behind 
each of the mold’s 3-in. copper 
plates. As the mold is filled with 
molten metal, water flows continu- 
ously through these compartments. 
Up to 4,000 gal of water per minute 
cool the mold and carry heat off from 
the cast bar. The water itself rises 
only 10 F approximately in its pas- 
sage through the mold. 

In overall dimensions the mold is 





WHY GUESS THE 
TEMPERATURE 


.»» When you can SEE jt! 


PYRO 


Radiation 
Pyrometer 


Tells spot temperatures instantly jp 
heat-treating furnaces, kilns forgings 
and fire boxes. No thermocouples, lead 
wires or accessories needed! Tem " 
ture indicated on direct-reading dial at 





& press of the button. Any operator 
use it. Two double-ranges for al! plan 
needs. Write for FREE Catalog No. 100. 


PYRO 


Optical 
Pyrometer 


Determines temperatures 
of minute spots, fast- 
moving objects and 
SmiAlivsal sireanis — ai @ 
glance! No _ correction 
charts or accessories 
needed. Easy to use— 
weighs only 3 Ibs. Spe- 
cial types available to 
show true spout and pour- 
ing temps. of molten fer- 
rous metal measured in 
open. Five temp. ranges. 
Write for FREE Catalog 
No. 80, 
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EIGHT INSTRUMENTS ALL IN ONE 


The improved PYRO Surface Pyro- 
meter handles all surface temperature 
measuring jobs. Has selection of 8 
types of thermocouples; all inter- 
changeable in seconds with no recali- 
bration or adjustment. 
Automatic cold end 
compensator, shock, 
moisture and dust 
proof. Accurate, big 
4%" indicator. Avail- 
able in 5 temperature 
ranges. Get FREE Cat- 
alogue No. 165. 


BETTER 
TEMPERATURE 
CONTROL FOR 
NON-FERROUS 

FOUNDRIES 


The Pyro Immersion 
Pyrometer is shock 
proof, moisture proof, 
dust proof, immune to 
magnetic influences. 
Shielded steel housing. 
Instantly interchange- 
able thermocoup/es 
without adjustment or 
recalibration. Large 4° 
scale. Equipped with 
exclusive Lock Swivel. 
Benge 0-1500 and 0- 
2500 F. Get FREE Cat- 
alogue No. 150. 


THE PYROMETER INSTRUMENT CO. 


New Plant & Laboratory 
BERGENFIELD 27, NEW JERSEY 


Manufacturers of Pyro Optical, Radiation 
Immersion and Surface Pyrometers 
for over 25 years. 
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Calasman Turns Sleuth. 
Solves Welding Riddle 


TROUBLE struck a large Midwestern 
company producing supply tanks for 
Naval Ordnance hydraulic systems. Pin 
holes were appearing in welds joining 
fittings to the tanks. 

The M&T sales engineer, called in to 
assist, ran many tests—discovered that 
fittings and tanks were of stainless steel 
of different chemical content. Tanks 
were made from 10 gauge columbium 
-modified 18-8, but fittings had been 
machined from selenium-bearing stain- 
less to secure better machining prop- 
erties. 


RECOMMENDED: Use of Murex lime- 
coated stainless electrodes in place of 
titanium-coated electrodes to prevent 
formation of gas in welds involving the 
selenium steel. 






RESULT: Porosity arrested—production 
resumed—Case Closed! 


Your nearby M4T representative is qualified 
to give genuine assistance on any welding prob- 
lem. Call on him when you need help. Make use 
of his broad background of experience in every 
phase of welding. 


MUBEX gy 


Elechiodes 
elie Welders + bccessories 


of 


METAL & THERMIT CORPORATION 100 cast 42nd Street, New York 17, N.Y. 


MAY, 1952 205 






















































Pin 


How to Make Stainless Protection 


Go NINE TIMES FURTHER... 
with PERMACLAD 


STAINLESS CLAD STEEL 





Want stainless protection for your product or equipment— 
without wasting stainless steel? You'll get it at low cost— 
with PERMACLAD! 

A 10% layer of stainless, inseparably welded to a 90% mild 
steel backing, gives PERMACLAD the surface characteristics 
of solid stainless and the easy forming qualities of carbon 
steel. This means real savings in corrosion resistance and in 
fabrication as well. For you can cold-form PERMACLAD 
with ease, draw it deeper without intermediate annealing, 
actually form it into’ products impossible with many other 
materials. 

Even with the most severe draw, the percentage of cladding 
(which can be 20% or more if desired) never varies. And the 
stainless layer remains inseparably welded to its backing. 
For gleaming, stainless products and corrosion resistant equip- 
ment, design and build with PERMACLAD. The coupon 
below brings you full details in our new 8-page folder (P-97). 


Send for Free Folder Today 


PERMACLAD 


STAINLESS CLAD STEEL 


ALAN WOOD STEEL COMPANY Conshohocken, Pa. 


Over 125 Years of Iron and Steel Making Experience 





Gentlemen: 
I am interested in stainless protection with PERMACLAD. 
Please send me full information and new, free folder (P-97). 


Name a Title 





Company 





Address __ City State 


Other Products: A.W. ALGRIP ABRASIVE Floor Plate « A.W. SUPER-DIAMOND 
Floor Plate + Plates + Sheets + Strip « (Alloy and Special Grades) 


Cha a es as es 
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8 ft wide, 41/, ft thick, and 8 ft high 
Shipping weight was 42,000 Ib, the 
copper plates alone tipped the scales 
at 10,500 Ib. The mold ciel Size is 


50 in. wide, 8 in. thick and 6 f 
high. 


News of Engineers 





United Lacquer Manufacturing Co. has 
announced the appointment of William 
E. Knappman as technical director. In this 
capacity, Mr. Knappman will direct re. 
search activities in the company’s develop- 
ment laboratory. 


The appointment of Lowell T. Smith 
as assistant metallurgical engineer of the 
Metals Dept., Research and Development 
Div., Olin Industries, Inc. has been an- 
nounced by the company. Also announed 
was the appointment of general managers 
of the five newly created integrated 
operating divisions of the company: M 
W. Acker, Olin director and vice presi- 
dent, has been named general manager of 
the Metal Div., with headquarters at East 
Alton, Ill.; W. C. Schade has been elected 
general manager of the Arms and Ammu- 
nition Div., with headquarters at New 
Haven, Conn.; W. S. Allen will manage 
the Electrical Div. with headquarters at 
New Haven; N. A. Hamilton has been 
made general manager of the Explosives 
Div., with headquarters in East Alton; 
and O. E. Nelson will manage the Export 
Div., with headquarters in New Haven. 
George L. Dawson, who has been regional 
manager of the company plants in New 
Haven, has been appointed staff assistant 
to the executive vice president. The com- 
pany has also annouced the appointment 
of Dr. Fred Olsen as vice president for 
research and development. 


Willard deCamp Crater, Jr. has been 
appointed chief of the thermoplastics sec- 
tion, Chemical Div., National Production 
Authority in Washington. Mr. Crater, 
who is the assistant manager of vinyl 
sales for the Naugatuck Chemical Div., 
U. S. Rubber Co., has been given a leave 
of absence by the company in order to 
assume his government post. Four major 
organizational changes in the Research and 
Development Dept., Naugatuck Chemical 
Div., have also been announced by the 
company. Dr. C. D. McCleary, formerl) 
manager of process development, has been 
named manager of basic research which 
comprises the organic research formerly 
handled by Dr. D. L. Schoene, recently 
appointed manager of plastics develop- 
ment; Dr. J. N. Judy, formerly manager 
of technical service laboratories, was ap- 
pointed manager of process development 
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Thermo-UOUPLES 


Standard 
TODAY 





special 
YESTERDAY 









Many of our specially designed thermocouples are now standard 
equipment and are being used constantly to measure operating 
temperatures in the production line or pilot plants; on Jet or Recipro- 
cating Aircraft Engines; on regular or unusual applications. 

You can easily select thermocouples from our many standard 
types—Wire or Tubular—Bayonet Immersion Contact—Exposed Loop 
—Protected—Straight or Angle. Available in all standard calibra- 
tions for lron Constantan, Copper Constantan and Chrome! Alumel. 
Many models are equipped with our Quick Coupling Plug or Jack 
Connectors or screw fastened connection heads. 





Write for Catalog G 


Contains complete information about our Thermocouples, Quick Coupling 
Connectors, Panels, Pyrometers, Extension Wires and Accessories. 


Thermo llectric 0. dec 


FAIR LAWN NEW JERSEY 











EF Gas Fired Forced Convection Continuous 
Roller Hearth Special Atmosphere Furnace Bright 
Annealing Long Straight Lengths of Tubing. 


A Special Atmosphere Belt Conveyor Electric 
Furnace Annealing Short Lengths of Alloy Tub- 
ing—Operates at Temperatures up to 2040° F. 


ANNEALING TUBING BRIGHT and CLEAN 


We have built many outstanding pro- 
duction furnaces for processing copper, 
brass, stainless, aluminum, nickel, silver 
and other ferrous and non-ferrous tubing 
—in large and small coils —straight 
lengths, long and short, and in various 
diameters—also for the many other prod- 
ucts and processes. 


Put your production furnace problems 
up to experienced engineers—IT PAYS. 





Straight Lengths of Tubing up to 5” in 
Diameter and %” Thick Are Also An- 


nealed in This EF Forced Circulation 
Roller Hearth Furnace. 
Gas-Fired, Oil-Fired and Electric Furnaces 
for any Process, Product or Production 


THE ELECTRIC FURNACE CO. 
“at WILSON ST. ot PENNA. R. R. C Dine. on Ched v7 
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to succeed Dr. McCleary; G. G. Durbin 
was named manager of technical service 
laboratories and personnel relations sy¢. 
ceeding Dr. Judy; Ivan Mankowich was 
appointed manager of reclaim develop. 
ment and will supervise research and de. 
velopment work in connection with re. 
claimed rubber. 


Dr. Louis Koenig, noted industrial re. 
search chemist, has been named an asso. 
ciate director of Southwest Research Insti. 
tute. The addition of eight technologists 
to the staff of the Institute, necessitated 
by increasing industrial research, has also 
been announced. The specialists appointed 
include: Dr. John C. Cook, Chi-Sun Lin, 
]. George Loos, Jr., Arturo L, Martinez, 
Alfred H. Oelkers, Dr. Claudia P. Ritter 
and Curtis A. Walker. 


Chrysler Corp. has announced the resig- 
nation of S$. Gordon Saunders, general 
manager of the company’s Cycleweld Diy., 
to establish a consulting service of his 
own in the field of industrial paints, plas- 
tics, adhesives and sandwich panel con- 
struction. 


Westinghouse Electric Corp. has an- 
nounced the reassignment of two vice 
presidents and the election of two new 
vice presidents. Reassigned were Tom 
Turner and T. I. Phillips. Mr. Turner, 
who had been vice president in charge of 
industrial relations, is now vice president 
in charge of the Motor and Control Div. 
at Buffalo; and Mr. Phillips, who headed 
the company’s East Pittsburgh divisions, 
succeeds Mr. Turner as staff vice presi- 
dent in charge of manufacturing. Elected 
vice presidents were Robert D. Blasier 
and John E. Payne. Mr. Blasier will as- 
sume responsibility for industrial relations 
and Mr. Payne will take charge of the 
company’s central sales district. 


At the regular meeting of the board of 
directors of Macwhyte Co. George C. 
Wilder was elected vice president and 
assistant general manager of the firm. 


Promotion of six key executives of Min- 
nesota Mining & Manufacturing Co. has 
been announced by company officials. 
Louis F. Weyand, a vice president and 
member of the board, was promoted to 
executive vice president; Robert VW. 
Young, president of Minnesota Mining 
& Manufacturing International Co., 4 
wholly owned 3M _ subsidiary handling 
foreign trade, was named to the chair- 
manship of the board; Clarence B. Sam- 
pair, vice president of 3M International, 
succeeded Mr. Young as president in ad- 
dition to retaining his former post; vice 
president John A. Borden, general mana- 
ger of the Cellophane Tape Div., was 
named sales and marketing consultant for 
all 3M tapes. The board also elected 
Hubert J]. Tierney and George W. Swen 
son as vice presidents of the parent com- 
pany. 

M. Douglas Banus has been promoted 
to the position of associate director of 
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RESISTANCE WELDING 
HIGH- TEMPERATURE 
ALLOYS? 


General Electric can help you 
inthe proper selection of 
resistance welding control— 
single-phase and three-phase 


Are you faced with resistance welding high- 
temperature, high-strength alloys or aluminum 
for defense production? Trying to decide be- 
tween three-phase and single-phase welding 
control? Write for G-E literature that describes 
both types. We know, from experience in our 
own as well as customers’ plants, that both are 
being used. Which you select will depend to a 
great extent on these factors: 


COMPARE SINGLE-PHASE AND THREE-PHASE 





Single-phase Three-phase 








1. Low initial cost 1. Low KVA demand 


2. Low maintenance (easy) 2. Balanced 3-phase load 

3. Simple to operate (few ad- 3. High power factor 
justments) 

4. Wide industry use 4. Inherent slope control 


5. Voltage and current regu- action 


lators can be added later 
6. Slope control can be added 
if necessary 











General Electric has supplied, and used, both 
types to meet Army-Navy specifications, and 
our nearest local office can give you information 
based on experience with this equipment and 
with welding high-strength alloys. Before you 
buy—investigate. Write for bulletin GED-1512, 
or contact the nearest G-E sales office. General 
Electric Company, Schenectady, N. Y. 





| Ask your resistance welding manufacturer, power 
| supplier, or nearest General Electric office for a 
FREE showing of the sound and color movie, ‘‘This 
| Is Resistance Welding.”’ Describes various welding 
methods and processes. For production and engi- 
neering personnel training and refresher courses. 


GENERAL 











H. C. Wolfe, of the General Electric Electronics Laboratory Welding 
Section, says, ““Tests in our Laboratory and in other General Elec- 
tric Welding Laboratories showed that single-phase a-c welding 
using Slope Control was as good as three-phase welding on alumi- 
num. So, for Class A spot welding of aluminum, the use of our a-c 
machine with Slope Control certified to Military Specification 
MIL-W-6860 for .125-.125” 52S'4H aluminum has resulted in a 
considerable saving of money and time.” 





Three-phase at Ryan Aeronautical Company in San Diego controls 
several of the largest resistance welding machines in the country. 
With G-E 3-phase control exact heat settings can be obtained and 
duplicated later without variation. Uniform current is fed to the 
electrodes to produce the required heat with less momentary line 
load. Unidirectional spot-welding is also obtained—advantageous 
when welding sheets of different thicknesses. 


ELECTRIC 


645-55 

















Herz, for example, are 
typical sliding contacts now being 
supplied by us to manufacturers 
of precision potentiometers. PALI- 
NEY* *7, Ney-developed precious 
metal alloy from which they are 
made, has just about ideal physical 
and electrical properties for this 
service. It has very high tarnish resistance and is unaffected by most industrial 


suited to use with the nickel-chrome type of resistance wire, as well as our 
own high strength NEY-ORO G precious metal resistance wire. Potentiom- 


with excellent sustained linearity and low noise level. 


opments of interest to instrument and electronic engineers detailed in our 
new Technical Bulletin *R-12. Write for your copy. 


*Reg. T. M. J. M. Ney Co. 








THE J. M. NEY COMPANY, 105 Elm Street, Hartford 1, Connecticut 





atmospheres. Its hardness, controlled by simple heat-treatment, is especially 


eters so equipped, have demonstrated service life of up to 20 million cycles ) 


This is just one of many new and important precious metal alloy devel- . 












Specialists in Precious Metal Metallurgy Since 1812. 
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research in charge of the Chemica! Re. 
search Laboratories at Metal Hydrides 
Inc., and Robert W.. Bragdon has béen 
promoted to the position of assistant 
diréctor of research for the company. 


William P. Drake, vice president of 
the Pennsylvania Salt’ Manufacturing Co., 
has been named director of the Rubber, 
Chemicals and Drugs Div., Office of Price 
Stabilization. The new director succeeds 
Thomas H. McCormack, who is returning 
to his duties as director of sales of the | 
Grasselli‘ Chemical Div.; E. I. du Pont . 
de Nemours & Co., Inc. 


Reinforced Plastic Consultants & En- 
gineers has announced the appointment 
of Samuel S. Oleesky as chief engineer, 
Research and Development Div. 


James P. Growdon; chief hydraulic: en- 
gineer for Aluminum. Co. of America 
since 1938, will become an engineering 
consultant on hydraulic and related en- 
gineering problems for ALCOA. B. J. 
Fletcher, - assistant ° chief ‘ hydraulic engi- 
neer, will succeed Mr..Growdon. 


Henry A. Mullen, manager of the Re- 
sistance. Welding Div.,‘ Ampco Metal 
Inc., has recently been appointed a mem- 
ber of the original Advisory Committee 
of.the Resistance,Welder Electrode Manu- 
facturers Industry. 


The following recent changes in Wat- 
son-Stillman executive positions have 
been announced: R. S. Sweeney, vice 
president and treasurer, has been elected 
a director; James W. West, Jr., a director 
of the company, has been appointed as- 
sistant to the president; A. B. Diss has 
been’ named vice president in charge of 
manufacturing; R..W. Dinzl, has been 
appointed consulting engineer; , Adolp/ 
deMatteo has: been named .chief_ engineer; — 
R. W. Schreck has been appointed general 
manager of Sales, Hydraulic Div.; Jackson 
Kemper has been named ‘general ‘manager 
of sales, Distributor Products Div.; and 
Herbert E. Elliott has been appointed 
sales manager, Hydraulic Div. 


C. Dale Dickinson, an Allis-Chalmers 
research engineer, has been awarded an 
Allis-Chalmers fellowship for 12 months 
of residence study for a doctor of philos- 
ophy degree in metallurgical engineering. 


Henry N. Shoiket has been named head 
of the Mechanical Engineering Dept., Sam 
Tour & Co., according to a recent com- 
pany statement. 


Dr. Donald J. McPherson and Harold © 
D. Kessler, research metallurgists in ‘the 
Metals Dept. at Armour Research Foun 
dation, Illinois Institute of Technolog) 
have been promoted to supervisors. D 
McPherson will head the newly formed 
Physical Metallurgy Section and Mr. Kes: 
ler will be supervisor of. the-Nonferrou: 
Metallurgy Section. Dr. John Theodor 
Rettaliata, vice president and dean of 
engineering at the Institute, was named 
president. He succeeds Dr. Henry TI. 
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When it comes to machinability, you can’t beat 


magnesium! Generally, the maximum rate of machin- 
ing speed. is limited only by the maximum speed 
obtainable on modern machine tools. This, of course, 
means more pieces per hour:and a sharp cut in 
production costs. One .source reported a 50% 
reduction in machining costs over the metal 
previously used, 


Another outstanding machining characteristic. of 
magnesium alloys is their ability to take an extremely 
fine finish. Surface smoothness readings of three to 
five micro-inches have been reported for finish- 


turned magnesium. Finish-grinding operations re- 


THE DOW 


Magnesium Department ¢ 


CHEMICAL 


Houston « San Francisco « Los Angeles « Seattle 
Dow Chemical of Canada, Limited, Toronto, Canada 


MAY, 1952 


COMPANY 
Midland, Michigan 


New York « Boston « Philadelphia « Atlanta « Cleveland « Detroit « Chicago «© SI. Louis 








quired on other metals usually can be eliminated. 


Cutting tools designed for steel or brass may be used, 
but to take full. advantage of magnesium’s machin- 
ability, tool design should be slightly modified. It is 
suggested that relief angles be increased and clear- 
ance angles made larger to provide greater chip space. 


Dow has over 30 years of experience in magnesium— 
a call to your nearest Dow sales office will put this 
knowledge at your disposal. 
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In twenty-five years, Anti-Corrosive has already 
passed the two billion mark in fastenings of stain- 
less steel! Certainly this is your cue to remember 
Anti-Corrosive, America’s oldest and largest firm 
dealing exclusively in stainless steel fastenings, 
when your requirements call for screws, nuts, bolts, 
rivets, pins or any other fastening of stainless steel! 
And, although most current production requires 
priority ratings, there are millions of items IN 
STOCK, ready for immediate delivery, so check 


with Anti-Corrosive first for your needs! 


FREE—A-N Stainless Fastening Selector 


A handy slide-chart which instantly identifies A-N 


Nos. pertaining to stainless steel nuts, screws, bolts, 


rivets, cotter pins, washers; gives sizes and other 
data. Write for “Chart 52L” TODAY! Free cata- 


logue also available. 
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Arti-Corrosive 


Metal Products Co., Inc. 
Manufacturers of STAINLESS STEEL FASTENINGS 
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CASTLETON-ON-HUDSON. NEW YORK 
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Heald, who will leave Chicago to become 
chancellor of New York University. 


Jack G. Copeland, Jr., has been named 
works manager of Hercules Powder Co.'s 
plant at Carthage, Mo., according to , 
recent Company announcement. Mr. Cope. 
land has been assistant works manager of 
»the company’s dynamite, ammonia and 
acid plant at Hercules, Calif., since 1947. 


Homestead Valve Manufacturing Co, 
has appointed John W. Force as vice 
president in charge of engineering. 


Appointment of Paul A. Metz, Jr., to 
the post of chief chemist of the New 
Bedford plant of Goodyear Tire & Rubber 
Co. has been announced. 


George A. Fyrberg has been named 
production manager of Norton Co.'s Ab. 
rasive Div., succeeding Harold C. Dun. 
bar, who is retiring after 39 years with 
the company. 


American Wheelabrator & Equipment 
Corp. has announced the promotion of 
Andrew B. Stevens to the position of as- 
sistant factory manager. 


Stephen A. Keller has been named 
general manager of the Valve Div. of 
Minneapolis-Honeywell Regulator Co. He 
succeeds James H. Binger, who will con- 
tinue as vice president of the division. 


Appointment of E. E. Wesselboff as 
assistant chief engineer, Morse Chain Co., 
has been announced. 


Irving B. Remsen, Jr., formerly a divi- 
sion engineer of American Viscose Corp., 
has joined the headquarters engineering 
staff of Hall Laboratories, Inc., for work 
as technical consultant on waste water 
problems in the industrial, municipal and 
utilities fields. 


Rust Furnace Co. has appointed O. D. 
Rice, chief engineer, to the position of 
manager of operations. H: Hayward Din- 
neen was named to succeed Mr. Rice. 


The creation of a New Products Dept. 
and the appointment of John P. Emmett 
as its head have been announced by 
Detrex Corp. 


Ray L. Morrison, executive vice presi- 
dent of DeVilbiss Co., has been elected 
president of the Northwestesn Ohio In- 
dustrial Council. 


Robert G. Hess, formerly assistant to 
the executive vice president of the New 
York Air Brake Co., has recently been 
elected president and a member of the 
board of Kinney Manufacturing Co. 


William P. Barnes, Jr., has joined th 
staff of mechanical engineers working 01 
combustion projects at the Atlantic Re 
search Corp. Previous to his appointment, 
Mr. Barnes served in the Machine Design 
Div., Goodyear Tire and Rubber Co., and 
has also been with E. I. du Pont de Ne- 
mours & Co., Inc. and the Hercules 
Powder Co. 


Several appointments and changes have 
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GET RID OF 
METAL-PARTS HEADAGHES! 




















Sylvania /-* .% 
now brings you | * \ 
custom-made 


precision parts 
in any volume 


meee: 


“§ 


WW) Pe 


Put your parts problems u up to Sylvania! You'll get close 
cooperation of experienced design engineers and the as- 
surance of highest possible precision and uniform quality. Typical group of metal precision parts 


Reasons for Sylvania Superiority made by Syivanig’s Parts Division 


All Sylvania tools and dies are especially made for accu- 
racy and high speed. Moreover, a program of replacement 
and improvement, using such ‘materials as tungsten and 
carbide, tend to increase production runs between shar- 
pening. As a result, Sylvania offers highest uniform pre- 
ion, plus a big saving in man-hours . . . lower produc- 
n costs. 
loday Sylvania metal parts are being used in such widely 
diversified items as radio tubes and assemblies, jewelry, 


electrical devices, timers and time fuses. 


rf RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELEC- 
if you have a parts problem, put it up to Sylvania. A brief ST wx TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, 
note on your letter head will bring you a prompt and de- WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS 
tailed reply. Write to: Sylvania Electric Products Inc., 


Parts Division Dept. A- 1605, Warren, Pa. 
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@ sOLiD, 
PARTS MOLDED TO CUSTOMERS’ SPECIFICATIONS FROM NATURAL 
AND SYNTHETIC RUBBERS... 

@ wRiTe 


HARD OR SPONGE RUBBER 


FOR NEW 1952 CATALOG 


THE Qeavidson RUBBER COMPANY 


50 BRIGHTON STREET BOSTON 29, MASSACHUSETTS 


BIG STUFF?.. 


e valves produced by PHOENIX- 
Laboratory. Fabricated from 16- 
sists of a spun nose welded to a 














_. That’s the term for these outsiz 
SPUN for a Jet Turbine Testing 
gauge stainless steel, each unit con br 
conical section, with the entire outer skin 


: SPINNING 
welded to fabricated steel ribs. 


FABRICATING 
WELDING 


GRINDING &@ 
FINISHING 
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CATALOG ti 
SWEET'S 


Mei. / 2 * mes > 
“PHOENIX PROBUCTS CO. _ 


4723 N. 27th St. Milwaukee 16, Wis. 
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been announced by General Electric © 
Carl A. Salmonsen has been appointed 
general manager of the company's new} 
formed Industry Control Dept.; WV illiam 
L. Rodich has been promoted to general 
manager of the Laminated and Insulating 
Products Dept., Chemical’ Div.; Jesse 4 
Gardenier, production manager of the 
Large Motor and Generator Dept. re 
tired after serving more than 50 years 
with the company; Thomas Sproule has 
been named manager of manufacturing 
of the company’s Welding Dept. in Fitch. 
burg, Mass. Decentralization of the com. 
pany’s Transformer and Allied Products 
Div. has resulted in the establishment 
of three independent business operations 
and a Laboratory Engineering Dept. Wj. 
liam S. Ginn has been named general 
manager of the Power Transformer Dept; 
Raymond W. Smith has been named gen. 
eral manager of the . Distribution Trans. 
former Dept.; Alfred. W. Hough will 
become general manager of ‘the Capacitor 
Dept:;~and ‘Dr: Karl B. McEachron has 
been named manager of the Laboratory. 
Engineering Dept. 


Four -promotions among management 
personnel 6f. Precision® Castings ‘Co., ‘Inc., 
were announced by the company. William 
J. During, previously vice president and 
general manager, has been promoted to 
executive vice president. Advanced to vice 
presidents were J. J]. Punke, Albert Lintel 
and Ross W. Castle. 





International Telephone and Telegraph 
Corp. has announced the death of Jacob 
S. Jammer, vice president and director 
of International Standard Electric Corp. 


The death of Dr. Edward G. Mahin, te- 
tired head of the Dept. of Metallurgy of 
Notre Dame, has been announced. 


Parker-Kalon Corp. has announced the 
death of Heyman Rosenberg, founder and 
director of the company. 





News of Companies 


National Research Corp. has announced 
the activation of a wholly-owned subsidi- 
ary, Vacuum Metals Corp., with offices 
and facilities in Cambridge, Mass. 


An additional manufacturing unit 1s 
nearing completion at the Fairfield, Ala 
plant of Harbison-Walker Refractories ¢ 
The new unit is expected to increase the 
company’s production of silica brick by 
50%. 


Electrochemical Industries, Inc., Wor- 
cester, Mass., has announced that it has 
been designated as manufacturer's agent 


MATERIALS & METHODS 








Specify GLLOBIS for the finest steel tubes 














Specialized research, engineering and production 


assure uniform high-quality STEEL TUBES 


T Globe, specialization is the keynote. Men, machines, and raw ma- Globe's Physical Testing Laboratory 


terials are all tailored to fit the Globe specialized process. Precision — one of the seven different research 


; Y and testing labs in Globe’s House of 
checks — and rechecks — at every stage of production insure Globe Tubes Science. 


that meet your exacting specifications. 


: : ; GLOBE STEEL TUBES ARE 
Be sure! Specify dependable, high-quality Globe Steel Tubes and be AVAILABLE IN: 


certain of getting the finest tubes available. Write for the General Catalog Tee ee Oe 


' coe . . * oye wed High Purity tron — Globeiron * Stainless 
and become acquainted with Globe specialized process. sesh ian tannis ¢ indian Me 


sistant Steels * Alloy Steels * Carbon 
Steel * High-Temperature Service Steels ° 
Standard and Special Analysis Steels * 
Mechanical and Pressure Tubing 


GLOBE STEEL TUBES CO., Milwaukee 46, Wisconsin 


Chicago * Cleveland * Detroit * New York * Houston « St. Louis 
Denver * San Francisco * Glendale, Cal. * Philadelphia 


MAY, 1952 









EXPERIENCE 
is tebuilt in 
STANWOOD 
----(Carburizing Boxes 












ExprRIENcE must replace experiment 
wherever possible to cut heat treating costs. STANWOOD Car- 
burizing Boxes save production time and replacement expense. 
@ Light: Rolled plate sides cut weight, add room. 
@ Strong: Corners formed, not welded. All welding is gas tight. 
@ Durable: Even expansion and contraction top to bottom pro- 
longs service life. High heat and corrosion resistance. 
Easily handled; withstand rough handling. 
One-piece combination cast bottoms and legs available for extra 
heavy loads. 


Stanwood 


4813 W. Cortland St. 
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CLEANER 
FORGING 





Improved forging methods, using scale-free Ajax-Northrup induction heat, have 
reduced billet weights for these axle spindle forgings from 71/2 to 5'/s pounds. 
RESULT: Steel savings adding up to ten tons of SAE 5132 bar stock a day! Enough 
for almost 4000 extra forgings! 

Elimination of scale and increased die life mean 
closer forging tolerances—fewer rejects. 

Ajax-Northrup’s 35 years of induction heating and 
melting experience can help save steel in your. plant. 

Write today for free bulletin. 


AJAX ELECTROTHERMIC CORPORATION 
AJAX PARK » TRENTON 5, NEW JERSEY 


HEATING AND MELTING 


Associate Companies 


AJAX ELECTRO METALLURGICAL CORP. ° AJAX ELECTRIC CORP. 
AJAX ENGINEERING CORP. ° AJAX ELECTRIC FURNACE CORP. 
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by the Bersworth Chemical Co., Fram. 
ingham, Mass., to handle the sales and 
distribution in the metal finishing an4 
allied fields of the wide variety of o. 
ganic compounds known as Versenes, 


Uddeholm Co. of America has ap. 
nounced the opening of a branch office 
and warehouse at 5037 Anaheim-Tele. 
graph Road, Los Angeles. 


Nice Ball Bearing Co. is currently cele. 
brating the Golden Anniversary of its 
founding in 1902. 


Plans for building new facilities for the 
production of electrolytic manganese a 
the Marietta, Ohio, plant of Electro. 
Metallurgical Co.-were announced. About 
6,000 tons a year are expected to be 
produced. 


Completion of a new plant at Santa 
Clara, Calif., to manufacture butylated 
melamine and urea resins has been an- 
nounced by Monsanto Chemical Co. 


Completion of the new Bjorksten Re. 
search Laboratories’ building at Madison 
Wis., to house the Laboratories’ enlarged 
Mining and Metallurgical Div. has been 
announced. 


The entrance of Doram Products, Inc. 
into the coating product field has been 
announced. The newly-established com- 
pany will specialize in the manufacture 
of coatings to be used in conjunction with 
the various metallizing processes, namely 
vacuum evaporation and silver spray. 


Macro (Exploration Div. of Kenna 
metal, Inc.) with a main plant at Lat 
brobe, Pa., will build an ore dressing and 
electric smelting works on Kingsway at 
Port Coquitlam on a 20-acre site. 


Announcement has been made of the 
opening of a new web coating research 
and development laboratory by Industrial 
Ovens, Inc. 


What is believed to be the first pre- 
form molding laboratory sponsored by 2 
polyester resin manufacturer has been put 
into operation by the Pittsburgh Plate 
Glass Co., Paint Div., at its Milwaukee 
Research Laboratory. Designed primarily 
to expedite research and development 
problems pertaining to the companys 
series of polyester resins marketed under 
the trade mame of Selectron, the new 
laboratory is also being used to find the 
solution to customer preforming prob- 
lems in instances where the fabricator 
involved does not have the necessary 
equipment to thoroughly explore his own 
preforming techniques. 


A $65,000,000 expansion program that 
is expected to increase Kaiser Steel Corp.'s 
pig iron output by 50% and raise steel 
ingot production by more than 11% has 
been announced. 


Construction by Corning Glass Works 
of a new optical glass plant in Harrods 
burg, Ky., has been announced. The new 
plant, which will employ about 250 pet 
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Photography makes it easy 
to see why it is hard 


The pattern in this photomicrograph of etched molybdenum carbide (X 1000), 
having a microhardness of 1740 to 2122 Vickers pyramid number, is the result 
of crystal orientation. The hardness varies with orientation and the photograph pro- 
vides a permanent, indisputable record of the structure. 

The metallurgist finds photomicrography a valuable tool in many ways. He uses it 
to study the results of abrasion, corrosion, and thermal treatment—to compare 
quality with specifications and check machining, welding, and cutting properties. 

This is but one of the fields in science and industry where the speed, simplicity, 
and accuracy of photography are daily solving problems and finding answers quickly 
and conclusively. To learn about the special films, plates, and pellicles available for 
photographic techniques, send for the new booklet, “Kodak Sensitized Materials 
for the Scientific and Industrial Laboratory.” It gives detailed information, in- 
cluding transmission curves for 23 Kodak Wratten Filters and filter combinations 
commonly used in photomicrography. For your copy, write to Eastman Kodak 
Company, Industrial Photographic Division, Rochester 4, N. Y. 


PHOTOMICROGRAPHY 


.an important function of photography 
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In the shop 





a new kind 
of lubricant 


Moly-sulfide is a tenacious solid- 
film lubricant with temarkable 
properties under extreme pres- 
sure, high velocity and fretting 
conditions. Many new uses for 
Moly-sulfide are being found ev- 
ery day in the shop and the field. 


We have compiled 154 case- 
histories of successful applications 
of molybdenum sulfide to solve a 
wide range of industrial and tech- 
nical problems; these are pub- 
lished in a form most useful to 
those who want practical infor- 
mation on what has already been 
accomplished by this new kind 
of lubricant. 


Send for your free copy of 

Moly-sulfide: In The Shop—lIn 
The Field, a 40-page booklet of 
up-to-date information. 


Moly-sulfide 
Climax Molybdenum Company 


500 Fifth Avenue 
New York City 
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| sons, will contain 100,000 sq. ft. of floor 
space and is expected to be in operation 
by the end of the year. 


The general offices of Crucible Steel Co. 
of America have been established in Pitts- 
burgh, according to a recent announce- 
ment. Crucible’s quarters in the Oliver 
building have been enlarged several times, 
and with this move, the number of people 
in the Pittsburgh office will be more than 
200. 


The Udylite Corp. will start construc- 
tion on a research laboratory building on 
a 23-acre site on Hoover Ave., near Eight 
Mile Rd. The new building is the first 
unit of a long term building project which 
will eventually house all of the company’s 
manufacturing and administrative opera- 
tions. 


Two fellowships in mechanical engi- 
neering at Stevens Institute of Technol- 
ogy will be awarded to outstanding can- 
didates for an advanced degree by the 
Celanese Corp. of America, beginning 
with the school year 1952-1953. The 
stipend for each fellowship is $150 per 
month for nine or 12 months and re 
mission of graduate tuition, fees and nor 
mal laboratory expenses. 


According to a recent announcement, 
Barber-Colman Co. will purchase the prin- 
cipal assets of Wheelco Instruments Co. 


Atlantic Steel Co. will construct a new 
half-million dollar warehouse and office 
building at the corner of Northside Drive 
and 14th St. for its Warehouse Div. 


Worthington Pump and Machinery 
Corp. has announced the change of its 
corporate name to Worthington Corp. 


Seattle Chain & Manufacturing Co. has 
announced the change of its corporate 
name to Round Seattle Chain Corp. 


| News of 


Societies 


' New developments in two phases of 
| metallurgy will be reviewed in special 
| courses in Surface Reactions in Flotation 
| and Chemistry and Mechanics of Molding 
| Materials to be given at the Massachu- 
| yetts Institute of Technology during the 
| summer of 1952. New developments in 
five phases of mechanical engineering will 
be emphasized in special courses in Metal 
| Cutting, Internal Combustion Engines, 

Lubrication Engineering, Vibration, and 

Industrial Photo-elasticity, also to be 
| given during the summer of 1952. 


The removal of the executive offices of 
the American Electroplaters’ Society from 
Jenkintown, Pa., to the American Bldg., 

| 445 Broad St., Newark 2, N. J., has been 
announced. 








| On any steel blackening problem 


DEPEND onDU-LITE 






for a Superior Finish 


bh 4 


Here’s an 
example... 


Courtesy The Poly Choke Co, 


Du-Lite gave this part with its compli- 
cated knurls, slots, threads, etc. a fine 
rust-resistant durable black finish. It is 
typical of many other parts, small and 
large, which have been black oxidized 
by Du-Lite for many years. Moreover, 
Du-Lite meets most individual and 
government specifications including 
57-0-2C for Type Ill Black Oxide finish. 


Typical Du-Lite installation 








Du-Lite installations are simple, compact, 
easy to operate. Du-Lite equipment can 
be tailored to fit production require- 
ments on all types of jobs with a maxi- 
mum of speed and economy. Du-Lite 
also makes a complete line of cleaners, 
strippers, wetting agents, passivating 
agents, rust preventatives, burnishing 
compounds etc. for any metal finishing 
application. 


See your nearest Du-Lite Field Engineer 
or write for more information. 


 _eertema tein guy tats. ci kina 
' DU-LITE CHEMICAL CORP. : 
3 MIDDLETOWN, CONN. ' 
: Rush information on your metal - 
: finishing products. : 
; PIII. sisesess.crcserseralasassptuscinnsbitecconnsstiinaibtresestphyeebensts : 
- NI cis .0c:- -scdcagantnsiaianacianasestecvesetbiabuatied coihantnte : 
: Address : 
: - a a oe ZONO...0.0-+- State - 


Du-Lite 


METAL FINISHING SPECIALISTS 


MATERIALS & METHODS 
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A typical press brake setup of Wales Hole a 
Punching and Notching Units. ; 
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MAKE FASTER, MORE 
ECONOMICAL SETUPS IN 
STAMPING PRESSES 
AND PRESS BRAKES 


. - » By eliminating the time consuming operation of align- 
ing each set of punches and dies. 


.. » By eliminating special punches, punch plates, stripper 
plates, die buttons and die plates. 





A typical setup of Wales Hole Punching and — yo , : 
Notching Units in a stamping press, . . » By eliminating “dead storage” of setups and tooling in- 


vestments — Wales Units drastically reduce setup and pro- 
duction time plus cutting initial and operating costs. 





These tooling efficiencies are made possible by the exclusive 
independent, self-contained design that holds all working 
parts as a single hole punching or notching unit. A group 
of Wales Units may be set up in unlimited patterns and in 
many Cases, put into operation the same day a pattern is 
released for production. 


For the complete story on this faster, more economical 
production technique that has revolutionized tooling pracé 
tice, write TODAY for fully-illustrated, functionally-colored 
Catalog BL and Catalog N. 


Sh y I d and sh d hol 
punched by Wales Hole Punching Units. WALES-STRIPPIT CORPORATION 
yeorge ales, Chairman 


399 Peyne Avenue, North Tenewonda, N. Y. 
( Between Buffale and Niagara Falls) 





Note corners have been notched by Wales 
Notching Units. 


Waoles-Strippit of Coneda, Lid.. Hamilton, Ontarie 


Specialists in Punching and Notching Equipment 
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can serve YOU! 


Don't overlook the possibilities of wood to 
solve your design and redesign problems. 
Today . . . with the help of Gamble Brothers’ 
superior engineering ability, equipment and 
facilities . . . wood can serve you better than 
ever before, and in ways never before thought 
possible. 


Gamble Brothers supplies to many indus- 
tries, and to the defense program, a wide 
assortment of wood parts in solid or laminated 
hardwoods, roughed out or finished, flat, 
turned, shaped, or carved .. . even plastic- 
faced. Gamble Brothers can furnish the wood 
parts called for in your design... or . . . con- 


sult with you on the engineering possibilities 
of wood. 


Counsel and engineering assistance from 
Gamble Brothers entails no obligation. 
Gamble Brothers’ more than fifty years’ ex- 
perience assures you service and depend- 
ability that go only with years of integrity 
and “wood know-how" in the woodworking 


field. 


Yes ++ We have Mahogany! 


Engineered Wood Parts in South- 
ern and Appalachian Hard- 
woods, Walnut or Mahogany. 
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Offices and Main Plant: Louisville 9, Ky. 
Branch: Montgomery, Ala. 





INCORPORATED 





News Digest 





The summer laboratory course in Tech. 
niques and Applications of the Electrog 
Microscope will be given from June 1¢ 
to June 28, 1952, by Cornell University, 
College of Engineering. 


The first branch of the Scientific Re 
search Society of America between Penn. 
sylvania and the Pacific Coast has been 
established in Texas, in recognition of the 
work of the Southwest Research Institute. 
Dr. Charles A. Culver, dean of profes. 
sional development at SwRI, was installed 
as the first president of the branch. Other 
officers elected were: Dr. John Loefer, re- 
search biologist of the Southwest Founda 
tion for Research and Education, vice 
president; Dr. John C. Cook, SwRI phy. 
sicist, secretary; and Fred Koebel, SwRI 
mechanical engineer, treasurer. 


Naticnal medal awards for outstanding 
leadership in the steel casting industry 
were recently conferred at the 50th Anni- 
versary meeting of the Steel Founders 
Society of America. Honored with pres- 
entation of the Society's top award, the 
Lorenz Memorial Gold Medal, was James 
Suttie, vice president, American Steel 
Foundries. Award of the Society's Tech- 
nical and Operating Gold Medal for 1951 
was made to Luther A. Kleber, vice presi- 
dent in charge of manufacturing, General 
Steel Castings Corp. Harold H. Johnson, 
chief metallurgist, National Malleable and 
Steel Castings Co., received the annual 
Steel Foundry Facts award for excellence 
of material published in the Society's 
technical publication. Formal announce- 
ment was also made of the election of 
H. A. Forsberg, vice president, Continen- 
tal Foundry & Machine Co., as president 
of the Society amd the election of Carl F 
Barchfeld, sales manager, The Commercial 
Steel Casting Co. as vice president. 


Boston College has announced a special 
two weeks intensive course in Modern 
Industrial Spectrography from July 21 to 
Aug. 1, 1952. 


The Penn State Chapter, American So- 
ciety for Metals, has announced the selec- 
tion of William Wetzel Sieg as the 1952 
recipient of the David Ford McFarland 
Award. Mr. Sieg, president of the Titan 
Metal Manufacturing Co., received the 
award on the basis of his attainments in 
a metallurgical industry and outstanding 
work in civil affairs. 


Leslie B. Bellamy, Detroit manager, 
Sterling Grinding Wheel Div., Cleveland 
Quarries Co., was elected president of 
the American Society of Tool Emgineers 
for 1952-1953 at the Society’s 20th annual 
meeting. Elected first vice president of 
the Society was Roger F. Waindle, direc 
tor of research, The Nugent-Sand Co., Inc 
Joseph P. Crosby, vice president, The 
LaPointe Machine Tool Co., was named 
2nd vice president; and Dr. Harry B. 
Osborn, Jr., technical director, TOCCO 
Div., The Ohio Crankshaft Co., was 
named 3rd vice president. 


MATERIALS & METHODS 











, 
p 
R 
t 








- vie F 











You'll want this 4-point 
program that discusses how 
to cut plant costs, speed 
production, improve sales 


You know how much the success of any 
product depends on good design. Recently, 
the Department of Commerce estimated 
that more than half of all new product fail- 
ures are caused by the lack of adequate 
design research. 


Whether you are designing a new product 
—or redesigning an old one for faster sell- 
ing—there are ways you can help cut costs 

nd improve product efficiency with good 
design. 


Today, more than ever before, plastics 
are materials that can pay off in lower costs 
faster, more efficient production 
product improvement ... and more sales. 


In a new Report to Management, just 
published by Monsanto, there is a thorough 
study of four essential steps to successful 
product development and an up-to-date re- 
view of the part plastics are playing as basic 
engineering materials today. If you would 

ke a copy, with no strings attached, just 
ise the handy coupon. 


| MONSANTO 


| CHEMICALS ~ PLASTICS 









SERVING INDUSTRY... WHICH SERVES MANKIND 
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MONSANTO CHEMICAL COMPANY, Plastics Division 
Room 2217, Springfield 2, Mass. 


Please send me ar report, “A Four-Point Program for Product Development 


and Desigr 
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4 WAYS PLASTICS HELP 
YOU DESIGN FOR SALES 








FREE—Report to Design Engineers: 


“A Four-Point Program for Product 








SAVINGS of... 


Some customers tell us they have saved as high as 300% 
on machining costs by using Hitchiner Precision Investment 
Castings. Such large savings are exceptional . . . BUT 
savings up to 150% in the price of hundreds of complex 


metal parts are becoming quite usual. 


An understanding of the enormous possibilities of invest- 
ment castings together with effective designing of metal 
parts make tremendous savings possible. Ask our repre- 
sentative to call and discuss your problem or send us 
drawings and specifications for complete engineering 


analysis and recommendation without obligation. 


In any case send for this in- 
formative folder on Hitchiner 
Precision Investment Castings 









‘ bs 
NITCHINER 
'SiOm aks 3 ST Mer CAs TINGs 


HITCHINER Manufacturing Company, 


MILFORD 3, NEW HAMPSHIRE 


Representatives in principal cities. 
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Meetings and Expositions | 


CopPEerR & BRASS RESEARCH Asso. 
CIATION, annual meeting. Hot 
Springs, Va. May 18-21, 1952. 

NUCLEAR ENERGY CONFERENCE. 
East Lansing, Mich. May 20-21, 
1952. 

AMERICAN IRON & STEEL INsti- 
TUTE, general meeting. New 
York. May 21-22, 1952. 

AMERICAN SOCIETY FOR QUALITY 
CONTROL, annual convention. 
Syracuse. May 22-24, 1952. 

SOCIETY OF AUTOMOTIVE ENGI- 
NEERS, summer meeting. Atlan- 
tic City, N. J. June 1-6, 1952. 

AMERICAN GEAR MANUFACTURERS’ 
ASSOCIATION, annual meeting. 
June 2-4, 1952. 

INTERNATIONAL MECHANICAL EN- 
GINEERING CONGRESS.  Stock- 
holm, Sweden. June 4-10, 1952. 

CONFERENCE ON INDUSTRIAL RI 
SEARCH. New York. June 9-13, 
1952. 

AMERICAN SOCIETY OF MECHAN! 
CAL ENGINEERS, semi-annual 
meeting. Cincinnati. June 15 
19, 1952. 

MALLEABLE FOUNDERS’ SOCIETY 
annual meeting. Hot Springs, 
Va. June 16-17, 1952. 

AMERICAN ELECTROPLATERS So- 
CIETY, annual meeting and in- 
dustrial finishing exposition. Chi- 
cago. June 16-20, 1952. 

AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS, Applied Me- 
chanics Div. conference. State 
College, Pa. June 19-21, 1952 

ALLOY CASTING INSTITUTE, annual 
meeting. Hot Springs, Va. June 
22-24, 1952. 

AMERICAN SOCIETY FOR TESTING 
MATERIALS, annual meeting 
New York. June 23-27, 1952. 

AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS, Applied Me- 
chanics Div., West Coast con- 
ference. Los Angeles. June 26- 
28, 1952. 

CENTENNIAL OF ENGINEERING. 
Chicago. July 1-Sept. 30, 1952. 

INTERNATIONAL TRADE Fair. Chi- 
cago. Aug. 2-17, 1952. 

SOCIETY OF AUTOMOTIVE ENGI- 
NEERS, West Coast meeting. San 
Francisco. Aug. 11-13, 1952. 

AMERICAN STANDARDS ASSOCIA- 
TION, national standardization 
conference. Chicago. Sept. 8-10, 
1952. 

AMERICAN SOCIETY OF MECHANI 
CAL ENGINEERS, fall meeting 
Chicago. Sept. 8-11, 1952. 

AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS, Instruments and 
Regulators Div. and INSTRU- 
MENT SOCIETY OF AMERICA, ex- 
hibit and joint conference. Cleve- 
land. Sept. 8-12, 1952. 





MATERIALS & METHODS 


























In this dramatic demonstra- 
tion, an automobile weighing 
3541 pounds was suspended 
from a single plastics insula- 
tor less than 3%” in diame- 
ter. This high-strength part, 
specially developed by Rich- 
ardson engineers, took the 
full load (38,000 psi) with- 
out distortion or failure, 






THIS TINY PLASTICS INSULATOR 


WITHSTANDS A atthe 1; p PULL! 




















MADE FROM A SPECIAL 
INSUROKs MOLDED LAMINATE 
DEVELGPED IN RICHARDSON 


LABORATORIES FOR 722.74 


ELECTRIC COMPANY 











For their “Straightline” powerline splice, Reliable Electric Company, Chicago, 
needed an insulator with incredible strength—the ability to withstand tensile loads CONSULT RICHARDSON 
of 2,000 pounds and more. Many different insulating materials were tried, but ON YOUR SPECIAL 
none stood up to this critical strength requirement. 

PLASTICS JOBS 


Richardson engineers solved the problem by developing for Reliable a special 


INSUROK molded laminate, and then molding the special shape to close toler- This Reliable Electric Com- 
ances, This rugged material has more than twice the strength required. Further- pany application is typical of 
more, it provides high dielectric strength, low moisture absorption, and good arc hundreds in which Richard- 


; ; , son engineers have solve 
resistance—other important requirements. B d 


difficult plastics problems for 
In hundreds of such applications, Richardson’s “Specialized Plastics Services” industry. The Richardson 


are solving difficult problems for industry. Write for full information. Company’s unique 4-point 
plastics service — Materials 


he RICHARDSON COMPANY | Riser see 
é Molding, and Laminating— 
FOUNDED 1858— LOCKLAND, OHIO are available for your use. 

2782 Lake Street, Melrose Park, Illinois (Chicago District) 


MELROSE PARK, ILL. INDIANAPOLIS, IND. NEW BRUNSWICK, N., J. NEWNAN, GA. TYLER, TEX. OGDEN, UTAH 
MAY, 1952 . 223 







































NOY. Makers 


and Spring Users alike 
have a Uniform Method 


for Testing Springs! 
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THE TORRINGTON SPRING TESTER 


Uses: for accurate inspection, in- 
use testing, designing springs for 
specific uses, and as a basis for 
statistical quality control. 


Simple: can be used at operating 
levels by relatively inexperienced 
personnel. Portable! 


Accurate: 2 models — the 3 pound 
model measures loads to the 
nearest 1/100 ounce, and the 16 
pound model to the nearest 1/5 
ounce; lengths and deflections to 
1/1000 inch. 


Fast: requires minimum time to 
adjust for accurate readings, or to 
reset for other springs. 


Practical: measures under condi- 
tions approximating actual use, 
through interchangeable fittings. 
High sensitivity: over a wide 
range, on both tension and com- 
pression types of springs. 


For complete information please write: 


-~ TORRINGTON 


MANUFACTURING COMPANY 
TORRINGTON, CONMECTICUT 





WORLD’‘S LARGEST BUILDERS 





224 








OF SPRINGMAKING MACHINERY 





BOOK REVIEWS 


Powder Metallurgy 


TREATISE ON POWDER METALLURGY— 
VoL. ut. By Claus G. Goetzel, Published 
by Interscience Publishers, Inc., New York 


1, N. Y., 1952. Cloth, 6% by 9% in., 


899 pages. Price $22.00. 


This third and final volume of “Treatise 
on Powder Metallurgy” is a classified and 
annotated bibliography on the subject of 
powder metallurgy. It is the most com- 
plete and comprehensive one published 
on this subject to date, and contains al- 
most 12,000 literature and patent refer 
ences. 

The volume is divided into two parts, 
the first containing literature references 





and the second a patent bibliography. Bac), 
of these major parts is organized accord, 
ing to subject and follows closely the 
classifications in the first two volumes of 
the “Treatise”. Each entry is annotate 
with several lines describing the reference 
Also included is a comprehensive subjec 
and name index. 


Other New Books 


1950 Supplement to Screw-THREAD Srayp. 
ARDS FOR FEDERAL SERVICES, 1944, Published 
by U. S. Department of Commerce, Washing. 
ton 25, D. C., 1951. Paper, 8 by 10% in. 
113 pages. Price 50¢. This 1950 Supplement 
to Handbook H28 (1944), Screw Thread 
Standards for Federal Services, replaces and 
augments the Supplement issued June 15, 
1949. The approval of these standards by the 
Federal Departments represented on the Inter. 
departmental Screw Thread Committee makes 
them available for application to new designs 
and for acceptance of bolts, screws, nuts and 
other threaded products that conform to these 
standards. 


Arc Wexpinc. By Charles H. Zielke. Pub. 
lished by The Bruce Publishing Co., Mil. 
waukee 1, Wis., 1952. Paper, 8% by 10% in., 
63 pages. Price 80¢. This book, based on the 
author’s experience both as a welder and as an 
instructor of welding, was written in an at- 
tempt to help the student save time and effort 
and eliminate unnecessary trial and error. 


Prastics Moxtpinc. By John Delmonte. Pub- 
lished by John Wiley & Sons, Inc., New York 
16, N. Y., 1952. Cloth, 6% by 9% im., 493 
bages. Price $9.00. A carefully planned analy- 
sis of the plastics molding industry and its 
equipment, as well as the principles and ac- 
cessories that permit a molder to attain a high 
degree of versatility. 








is your small parts 





@ Precision 

@ Smaliness 

e Faster Production 

@ Close Tolerances 

@ Reduced Scrap Loss 
@ Simplification 

@ Product improvement 
e Economy 

© Design Flexibility 


«GRC 


TINY ZINC 
DIE CASTINGS 


SMALLNESS UNLIMITED 


Send us your specifications 





‘ 


————_-+— 84 Willow Avenue, New York 54 @ 


and get the compilefe sfory. ) au 






Phone: MOtt Haven 5-7400 


MATERIALS & METHODS 








